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ON  THE  FORM  OF  THE  MILKY  WAY. 

By  .John  Richard  Sutton,  B.A.Cantab. 

THE  late  Mr.  Proctor  shone  as  a  critic.  One  gets 
the  same  impression  from  a  literary  review  by  him 
as  from  one  of  Matthew  Arnold's  literary  reviews, 
viz.  that  in  most  cases  common  sense  has  little 
more  to  say.  His  essays  on  the  star-work  of  the 
two  Herschels  are  among  the  most  masterly  in  the  language, 
and  are  destined,  no  doubt,  to  be  read  for  generations. 
But  his  original  speculations  are  not  always  so  happy.  His 
genius  was  iconoclastic  rather  than  creative  ;  and  although 
few  who  have  appreciated  the  significance  of  the  work  of 
Michell  and  the  school  he  set  up  will  question  the  fact  that 
Proctor  has  successfully  summed  up,  once  for  all,  the  case 
against  Sir  William  Herscliel's  "  cloven-llat-disc  theory  " 
of  the  Milky  Way,  yet  it  is  doubtful  if  the  same  success 
can  be  claimed  for  the  "  spiral  theory,"  which  he  advanced 
as  comprehending  all  the  results  of  observation  on  the 
stars  and  nebulas. 

It  would  be  out  of  place  here  to  enter  into  a  discussion 
of  the  stellar  researches  of  the  Herschels.  It  will  be 
sufKcient  to  say  that  the  elder  Ilerschel  assumed  the  stars 
to  be,  on  the  (iirrdi/c,  scattered  more  or  less  uniformly 
throughout  the  visible  universe,  and  hence,  by  counting  the 
number  of  stars  visible  in  any  one  direction,  he  was,  as 
he  thought,  able  to  arrive  at  a  pretty  fair  approximation  to 
the  depth  of  the  star-system  in  that  direction.  [It  is  not 
hard  to  see  that  when  the  telescope  is  ti.\ed  on  any  point 


in  the  sky,  the  boundaries  of  vision  trace  out  a  cone  in  the 
celestial  sphere  of  which  the  eye  is  the  vertex.]  The 
yoimger  Herschel  seems  to  have  accepted  his  father's 
results  with  little  more  than  a  twinge  of  doubt,  although 
it  is  not  so  certain  that  he  placed  a  very  great  faith  in  the 
trustworthiness  of  the  star-gauging  methods  from  which 
they  were  derived ;  for  he  could  also  see,  brilliant 
mathematician  as  he  was,  that  Michell's  application  of 
the  doctrines  of  probability  had  practically  set  at  rest  the 
fact  that  in  in'iieml  star-grouping  was  physical  and  real, 
and  not  merely  optical,  and  hence  that  the  stars  were  by- 
no  means  imiformly  distributed.  Still,  the  doctrine  of 
probabilities  had  not  sufficient  hold  upon  his  mind  to  cause 
him  to  give  up  the  delightfully  systematic  results  of  star- 
gauging,  to  say  nothing  of  the  paternal  authority  by 
which  the  old  theory  was  backed. 

Proctor,  however,  took  higher  ground.  In  his  hands 
Michell's  researches  were,  so  to  speak,  born  again.  The 
star-groups  were  physical  facts  (which,  indeed,  Sir  William 
Herschel  had  never  doubted,  though  he  left  it  out  of 
account)  ;  the  constellations  were  realities  of  association 
(of  which  Sir  William  Herschel  had  never  even  dreamed) ; 
immense  streams  of  stars,  physically  connected  inter  sc, 
were  to  be  traced  across  the  sky ;  and,  last  of  all,  the 
Milky  Way  itself  was  a  great  stream  of  stars" — and  not  a 
solid  disc — to  which  all  the  other  streams  and  groups  were 
subordinate.  These  different  conclusions  were  advanced 
from  time  to  time  for  many  years,  and,  taken  together, 
they  comprise  an  analysis  of  stellar  phenomena  whose 
immense  value  cannot  be  denied. 

It  would  be  an  agreeable  task  for  me  to  give  here,  as 
far  as  possible,  an  account  of  Proctor's  very  successful 
work  among  the  stars.  But  such  a  course  is  just  now  out 
of  the  question  ;  moreover,  most  readers  whom  this 
paper  may  concern  will  have  read  his  original  papers.  I 
shall  content  myself  by  remarking  that  he  veiy  early  con- 
cluded that  all  available  evidence  pointed  in  one  direction, 
namely,  that  the  characteristic  feature  of  our  universe, 
the  Milky  Way,  was  one  long  stream  of  stars  of  a  spiral 
form,  whose  plane  passed  very  nearly  through  the  sun's 
place.  He  says  :  "It  is  very  clear  what  views  we  are  to 
form  respecting  the  Milky  Way.  If  the  galaxy  is,  lirst,  a 
clustering  aggregation  separated  from  us  by  an  interval 
comparatively  clear  of  small  stars  ;  sirondh/,  so  shaped 
that  the  cross-section  of  the  stream  is  everywhere  not  far 
from  a  roughly  circular  figure  ;  and,  thirdlij,  associated 


*  Sir  William  Heischel's  language,  even  in  his  early  papers  of 
1784  and  1785,  and  much  more  in  his  later  papers  on  the  Construc- 
tion of  Heavens,  published  in  the  Phil.  Trans,  of  1802  and  1811, 
clearly  prove  that  ho  fully  appreciated  the  fact  that  there  are  actual 
clusters  and  streams  of  stars,  as  well  as  vacant  spaces,  in  the 
heavens.  It  is  evident,  also,  that  he  recognized  the  connection 
between  the  di.stribution  of  stars  and  the  distribution  of  nebul.t.  As 
early  as  1802  Sir  W.  llerschel's  language  clearly  shows  that  he  con- 
sidered the  Milky  Way  to  be  a  roughly  circular  ring-shaped  region, 
in  which  the  stars  are  more  thickly  grouped  than  in  the  space  im- 
mediately around  the  sun.  He  says,  in  a  pap^r  published  in  the  P'lil. 
Trims,  in  1802:  "The  stars  we  consider  as  insulated  are  also 
surrounded  by  a  magnificent  collection  of  innumerable  stars,  called 
the  Milky  Way,  which  must  occasion  a  very  powerful  balance  of 
opposite  attractions  to  hold  the  intermediate  stars  in  a  stite  of  rest. 
For  though  our  sun.  and  all  the  stars  we  see,  may  truly  be  said  to  be 
in  the  plane  of  the  Milky  Way,  yet  I  am  convinced,  by  a  long  inspec- 
tion and  continued  examination  of  it,  that  the  Milky  Way  itself  con- 
sists of  stars  very  differently  scattered  from  those  which  are 
immediately  about  us."  Sir  John  Herschel  also  clearly  recognized 
the  close  clustering  of  stars  in  the  region  of  the  Milky  Way.  Mr. 
Proctor  was  well  aware  that  both  the  Herschels  had  recognized  the 
existence  of  star-streams  as  well  as  groups  of  nebul:e.  But  I  agree 
with  Mr.  Sutton  that  neither  Sir  William  nor  Sir  John  Herschel  pro- 
ceeded to  the  conclusion  which  should  have  logically  followed. 
namely,  that  their  method  of  star-gauging  could  not  be  relied  upon 
for  determining  the  form  of  the  stellar  universe. — A.  C.  Ranyaru. 
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very  closely  with  the  bright  stars  seen  in  the  same  field 
of  view,  then  must  its  structure  be  somewhat  as  shown  in 
the  figure.  ...  It  will  be  seen  at  once  how,  to  an 
observer  placed  at  S,  the  various  features  of  the  Milky 
Way  can  be  accounted  for  by  this  figure.  Towards  1 
would  Ho  the  gap  in  Argo  ;  towards  3,  4,  5,  two 
branches,  one  faint,  and  in  part  evanescent  through 
vastness  of  distance,  the  other  forming  the  brightest 
part  of  the  spiral ;  towards  G  the  projection  in 
Cepheus  ;  towards  7  the  faint  part  of  the  IMilky  Way 
in  Gemini  and  Monoceros.  The  Coal-sacks  would 
be  simply  accounted  for  by  conceiving  that  branches 
seen  towards  the  same  general  direction,  but  at 
different  distances,  do  not  lie  in  the  same  general 
plane,  and  so  may  appear  to  interlace  upon  the 
heavens.  We  are  not  only  justified  in  supposing 
this,  but  forced  to  do  so  by  the  way  in  which  the 
stream  of  milky  light  is  observed  to  meander  on 
its  course  athwart  the  heavens.  The  branching 
extensions  serve  very  well  to  account  for  the  appear- 
ance of  the  Milky  Way  between  Cepheus  and 
Ophiuchus,  where  the  interlacing  branches  and  the 
strange  convolutions  and  clustering  aggregations 
described  by  Hir  -John  Herschel  are  chiefly 
gathered."— Otfin-  Worlds,  p.  2.50. 

Proctor's  affection  for  this  spiral  is  remarkable. 
It  was  advanced  first  of  all  with  some  caution  as  a 
conformation  which  seemed  to  account  for  all  the 
known  peculiarities  of  structure  in  the  galaxy — in 
short,  it  supplied  a  useful  working  theory.  For 
example,  he  makes  the  following  admission  :  "  I 
would  not  have  it  understood,  however,  that  I  at 
all  insist  on  the  general  shape  of  the  spiral  shown 
in  the  figure.  On  the  contrary,  that  curve  is  only 
one  out  of  several  which  might  fairly  account  for 
the  observed  appearance  of  the  Milky  Way  ;  and  I  fig. 
have  often  felt  inclined  to  doiibt  whether  a  single 
spiral  of  this  sort  is  in  reality  the  best  way  of  account- 
ing for  the  observed  appearance  of  the  galactic  zone. 
What  I  do  insist  upon  as  obviously  forced  upon  us  by 
the  evidence  is  that  (1)  the  apparent  streams  formed  by 
the  Milky  Way  upon  the  heavens  indicate  the  existence 
of  real  streams  in  space  ;  and  (2)  that  the  lucid  stars  seen 
on  the  stream  are  really  associated  with  the  telescopic 
stars  which  form,  so  to  speak,  the  body  of  the  stream. 
Whether  that  stream  form  a  smgle  spiral  or  several, 
or  whether,  instead  of  spii-als,  there  may  not  be  a  number 
of  streams  of  small  stars,  placed  at  dili'erent  distances 
from  us,  and  lying  in  all  directions  round  the  medial 
plane  of  the  galaxy,  but  more  or  less  tilted  to  that  plane 
(the  sun  not  lying  within  any  one  of  the  streams),  are 
questions  which  can  only  be  resolved  by  the  systematic 
scrutiny  of  this  wonderful  zone." 

But  just  as  Sir  Wilham  Herschel's  working-theories  of 
star-distribution  came  eventually  to  be  regarded  as  esta- 
blished facts,  so  in  course  of  time,  without  any  more 
apparent  grounds.  Proctor  came  to  regard  his  theory  with 
increasing  confidence.  Scattered  throughout  his  writings 
will  be  found  very  trustful  remarks  on  the  conformation 
of  "  that  strange  spiral." 

Without  doubt,  if  the  star-groups,  such  as  the  Pleiades, 
are  real,  and  not  merely  caused  by  stars  far  apart,  though 
near  the  same  visual-line,  being  seen  projected  into  a 
small  area  of  the  celestial  sphere  (and  Michell's,  not  to 
mention  later  results,  seem  to  make  it  certain  enough) ; 
if  the  star-streams  are  real,  and  not  mere  optical  coinci- 
dences ;  if  the  manifold  signs  of  association  and  dissocia- 
tion among  the  stars  are  what  common-sense  would 
teach  ;  then  it  is  as  certain  as  the  doctrine  of  chances  can 


make  it  that  the  Milky  Way  is  a  stream,  or  collection  of 
streams,  of  stars.  So  much,  but  no  more.  Proctor  has 
proved.  What  he  has  not  proved,  nor  even  made  pos- 
sible, is  that  the  Milky  Way  partakes  in  any  way  of  a 
spiral  form. 


Fig.  1. — The  Milky  Way  as  seen  in  the  Heavens. 
-The  Spir.\l  Stream  which  Mr.  Proctor  assumed  represented  the  actual 
form  of  the  MiUiy  Way. 

Let  US  see  what  the  brightness  of  the  Milky  Way  can 
tell  us.  Proctor  assumed  the  brightness  of  its  various 
parts  would  be  a  good  rough  test  of  their  relative  dis- 
tances— a  curious  mistake  for  one  so  conversant  with  the 
laws  of  brightness.  [It  may  be  noted  that  Sir  .lohn 
Herschel  erred  in  the  same  direction.]  Now  it  may  be 
proved  that  brightness  alone  is  no  test  of  distance.  For 
let  a  be  the  apparent  area  of  any  small  portion  of  the 
Milky  Way  at  some  distance  taken  as  unity,  and  contain- 
ing n  stars,  X  the  average  amount  of  light  received  from 
each  star,  /S  the  average  brightness  of  the  area.  If  this 
area   be   removed  to   distance  d,  the  light  received  from 

each  star  will  be  reduced  to  -j^  '  ^lut  the  apparent    area 

containing  the  n  stars  will  be  reduced  to    ,.,,  and  hence 

the  stars  are  apparently  compressed  into  a  smaller  area  in 
the  same  proportion  as  their  light  is  reduced.  /3,  there- 
fore, remains  unaltered.  The  apparent  breadth  of  the 
galaxy  would  be  a  much  safer  test  of  its  distance  than  the 
brightness,  although  its  actual  breadth  may  vary  between 
very  wide  Umits.  As  a  matter  of  fact,  the  broadest  parts 
of  the  Milky  Way  are,  on  the  whole,  the  faintest ; 
whereas  in  its  narrowest  part,  at  the  "  isthmus  "  leading 
into  the  Southern  Cross,  it  is  almost  at  its  maximum 
brilliancy. 

During  the  course  of  his  long  review  of  the  elder 
Herschel's  cloven-flat-disc  theory,  Proctor  pointed  out 
again  and  again  the  remarkable  tendency  of  the  brighter 
stars  to  congregate  along  the  course  of  the  Milky  N\'ay 
and  its  branches.     This  feature  is  so  noticeable  in  the 
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southern  hemisphere  that  on  a  bright  moonhght  night, 
when  the  fainter  hicid  stars  are  invisible,  the  position  of 
the  Millcy  Way  can  be  traced  by  the  condensation  of  the 
brighter  stars  alone  along  its  course.  Now,  there  is  no 
antecedent  reason  why  the  naked-eye  stars  should  collect 
upon  one  part  of  the  Milky  Way  and  not  upon  another  ; 
and  hence  there  is  no  reason  why  the  fainter  parts  of  the 
galaxy — assuming  them  for  the  moment  to  be  the  most 
distant — should  not  have  collected  fourth  and  fifth  mag- 
nit  ade  stars  in  the  same  way  as  the  brighter  and  (there- 
fore assinned)  nearer  parts  have  collected  the  brighter 
magnitudes.  But  we  should  not  expect  to  find  many  of 
the  brightest  stars  on  the  fainter  and  more  distant  parts. 
Yet  it  is  a  fact  that  there  are  stars  on  the  (assumed)  more 
distant  streams,  and  obviously  associated  with  them,  as 
bright  as  those  on  the  (assumed)  nearer  ones.  Moreover, 
between  the  two  streams,  where  the  Milky  Way  is  double, 
and  in  the  Coal-sacks,  scarcely  a  single  lucid  star  is  to  be 
seen.  This  is  a  singular  circumstance.  If  the  spiral 
theory,  or  any  modification  of  it  as  suggested  by  Proctor, 
were  true,  we  shoidd  expect  more,  or  at  least  as  many, 
bright  stars  between  the  two  branches  where  the  Milky  Way 
is  double,  and  in  the  Coal-sacks,  as  upon  the  borders  of 
the  Milky  Way  in  any  other  place.  On  the  other  hand,  if 
we  regard  the  two  branches  as  lying  at  very  nearly  the 
same  distance  from  the  Sun,  we  can  see  at  once  that  the 
cause  which  separated  them,  or  keeps  them  apart — what- 
ever the  agency  may  be  scarcely  matters  in  this  inquiry — 
would  also  ih-i-dn,  as  it  were,  the  lucid  stars  from  the  space 
between.  Add  to  this  the  circumstance  that  the  meander- 
ings  of  one  branch  correspond  to  those  of  the  other,  and 
that  in  one  place  one  branch  is  made  up  of  alternating 
bright  and  faint  patches  corresponding  to  faint  and 
bright  patches  respectively  on  the  other,  then  we  have 
strong  presumptive  evidence  that  the  two  branches 
are  closer  together  than  any  spiral  conformation  would 
admit. 

All  this  leads  us  to  conclude  that  the  Milky  Way  is 
much  as  it  seems  to  be  at  first,  namely,  a  very  complex 
stream  of  stars  roughly  hoop-like,  and  not  spiral-like,  in 
form.  A  piece  of  old  rope  thrown  into  a  circular  shape 
represents  the  Milky  Way  very  well.  The  frayed  ends 
not  quite  meeting  represent  the  fan-shaped  expansions  of 
the  stream  on  each  side  of  the  rift  in  Argo  (a  spiral  theory 
does  not  explain  why  these  expansions  should  occur  just 
here).  A  strand  untwisted  of  nearly  half  the  length  of 
the  rope,  and  divided  in  the  middle,  would  represent  the 
divided  branch  running  from  Cyguus  through  Ophiuchus 
and  Scorpio.  Smaller  departures  would  represent  the 
lateral  extensions  in  Cepheus  and  Perseus.  These  may  be 
of  any  size ;  and  it  scarcely  needs  Proctor's  assumption 
that  a  vast  void  separates  the  galactic  stars  fi'om  the  faint 
streams  discovered  by  Sir  .John  Herschcl  to  account  for 
them.  This  faintness  is  very  likely  caused  either  by 
sparcity  of  distribution  or  by  the  smallness  of  the  stars 
(as  we  have  seen  brightness  is  no  test  of  distance  so  long 
as  light  is  not  lost  in  its  passage  through  space) ;  indeed, 
it  is  pretty  clear  that  the  Milky  Way  is  made  up  of  stars 
of  all  orders  of  size  and  brightness.  Local  unravellings 
in  the  rope  would  correspond  to  the  Coal-sacks  in  Crux 
and  Cygnus,  and  to  the  lacunre  in  Scorpio  and  else- 
where. 

In  conclusion,  let  me  add  that  the  aspect  of  the  Milky 
Way  in  Argo  gives  a  very  strong  impression  that  the  stream 
has  been  forcibly  torn  asunder  at  this  place,  an  impression 
which  is  to  some  extent  corroborated  by  the  positions  of  the 
bright  stars  round  about,  and  by  the  numifold  signs  of 
decomposition  exhibited  l)y  the  galaxy  in  Scorpio  and  the 
adjacent  constellations. 


GIANT  BIRDS. 

By  R.  Lydekker,  B.A.Cantab. 

THE  only  birds  existing  at  the  present  day  which 
in  any  sense  merit  the  epithet  "gigantic"  are  the 
Ostriches  of  Africa  and  Arabia,  the  Eheas  of 
South  America,  the  Cassowaries  of  Papua  and 
North  Australia,  and  the  Australian  Emus  ;  and 
even  the  largest  of  these — the  male  Ostrich — seldom  ex- 
ceeds seven  feet  in  height.  The  researches  of  palicontolo- 
gists  have,  however,  revealed  to  us  that  these  four  groups 
are  but  the  solitary  survivors  of  a  considerably  more 
extensive  assemblage  of  Criant  Birds  which  was  once 
spread  over  a  large  portion  of  the  globe,  and  some  of 
whose  members  as  much  surpassed  the  Ostrich  in  size  as 
the  latter  exceeds  the  Eheas  in  this  respect.  Indeed, 
with  our  present  knowledge  of  the  meaning  of  the 
geographical  distribution  of  animals,  the  very  circum- 
stance that  the  existing  Ciiant  Birds  are  all  more  or  less 
closely  allied,  and  are  fovmd  scattered  over  the  globe  in 
areas  widely  separated  and  totally  disconnected  from  one 
another,  would  of  itself  have  been  amply  sufficient  to 
indicate  that  they  are  the  remnants  of  a  group  which  was 
at  one  time  of  much  larger  extent,  and  inhabited  regions 
where  such  creatures  are  now  unknown.  It  is  unfortu- 
nately the  case  that  there  are  still  many  gaps  in  the  chain 
which  should  link  all  the  existing  Giant  Birds  together, 
but  we  may  confidently  hope  that  the  progress  of  geo- 
logical research  will  little  by  little  reduce  the  number  and 
length  of  these  gaps. 

All  the  Giant  Birds,  it  may  be  observed,  both  living  and 
extinct,  are  linked  together  by  their  incapacity  of  fiight, 
and  the  consequent  absence  of  that  strong  bony  ridge  or 
keel  which  we  may  observe  on  the  breast-bone  of  a  duck 
or  a  fowl,  and  the  presence  of  which  is  essential  to  form 
a  firm  support  for  the  powerful  muscles  requked  to  move 
the  wings.  Whether,  however,  this  incapacity  for  flight 
is  a  feature  which  was  always  possessed  by  the  Giant 
Birds,  or  whether  it  has  been  gradually  acquired  by 
disuse,  is  a  question  which  has  seriously  exercised  the 
minds  of  those  best  fitted  to  decide  it,  and,  since  it  is  still 
unanswered,  may  be  put  aside  on  this  occasion.  Moreover, 
in  saying  that  the  Giant  Birds  are  all  incapable  of  fiight, 
it  must  by  no  means  be  inferred  that  all  birds  in  that  con- 
dition have  any  affinity  to  this  group.  On  the  contrary, 
precisely  the  opposite  is  the  case,  since  in  the  extinct 
Dodo  of  the  Mauritius  we  have  an  instance  of  a  huge 
pigeon  which  had  evidently  lost  the  power  of  flight  ;  and 
the  superficial  deposits  of  New  Zealand  have  yielded  the 
remains  of  a  large  rail  and  a  goose  which  were  in  the 
same  predicament.  These  and  other  flightless  birds  difler, 
however,  essentially  in  several  parts  of  their  organiza- 
tion from  the  true  Giant  Birds,  and  thus  have  no  sort  of 
connection  with  the  subject  of  this  article.  There  are, 
however,  certam  birds,  namely  the  little  Kiwis  of  New 
Zealand,  which,  although  by  no  means  entitled  to  rank  as 
Giant  Birds  in  the  proper  sense  of  that  term,  yet  as 
being  closely  related  to  the  typical  members  of  that  group, 
must  find  a  place  therein.  15efore,  however,  we  can 
consider  the  fossil  members  of  this  group  it  is  necessary 
that  we  should  have  some  idea  of  the  general  structure  of 
the  leg  of  a  bird,  since  it  is  this  part  of  the  skeleton 
which  is  most  commonly  met  with  in  a  fossil  eoudition, 
and  which  aftbrds  the  most  important  clue  as  to  the  size 
and  affinities  of  the  bird  to  which  it  belonged.  Some 
observations  on  this  point  have  already  been  made  in  the 
article  on  Giaiit  Keptiles ;  but  since  those  observations 
were  mainly  directed  to  showing  the  resemblance  between 
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Fig.  1. — The  Bokes 
OF  THE  Right  Leg 
OF  the  Giakt  Moa. 
About  jij  nat.  size. 
{After  Owen.) 


the  leg  of  a  bird  and  that  of  a  reptile,  they  are  not  well 
suited  to  oui-  present  pui-pose. 

A  bird's  leg,  then,  as  shown  in  Fig.  1,  is  composed 
of  four  segments ;  the  upper  short  one  corresponding  to 
the  human  thigh-bone,  and  the  lowest 
representing  the  toes,  which  are  com- 
posed of  several  small  bones.  Between 
these  two  segments  are  the  two  long 
and  slender  bones  shown  in  the  figiu-e. 
The  upper  and  longer  of  these  two 
corresponds  with  the  human  leg-bone, 
plus  the  knuckle-bone  welded  on  to  its 
lower  end.  The  lower  and  shorter 
bone,  of  which  another  example  is 
shown  in  Fig.  2,  is  a  very  remarkable 
bone  indeed,  and  may  be  conveniently 
ca:lled  the  cannon-bone.  It  is  reaUy 
composed  of  three  separate  long  bones, 
of  which  the  ends  remain  free  at  the 
lower  extremity  and  carry  the  toes, 
and  also  of  the  lower  part  of  the  ankle 
welded  on  to  the  upper  end.  The 
middle  long  bone  corresponds  exactly 
with  the  cannon-bone  of  a  horse, 
the  nature  of  which  has  been  explained 
in  the  article  on  "  Eudimeutal 
Organs";  and  the  whole  compound 
bone  would  correspond  with  the  meta- 
tarsus of  the  extinct  three-toed  horse 
known  as  the  Hipparion,  if  its  three 
metatarsals  were  wielded  together,  and 
these  again  with  the  bones  of  the  lower  half  of  the  ankle. 
It  will,  accordingly,  be  evident  that  a  bird  is  an  odd-toed 
animal  like  a  horse  (that  is  to  say,  the  toe  representing 
the  middle  one  of  the  typical  five  is  symmetrical  in  itself 
and  larger  than  either  of  the  others), 
having  a  cannon-bone,  but  no  sepa- 
rate ankle-bones ;  the  upper  ankle- 
bone  having  become  welded  on  to 
the  leg-bone,  and  the  lower  ones 
similarly  united  to  the  cannon-bone. 
In  these  respects,  therefore,  a  bird 
is  a  very  specialised  kind  of  creature, 
as  departing  widely  from  the  original 
type.  With  these  necessary  ana- 
tomical explanations,  we  shall  be  in 
a  position  to  enter  on  the  subject  of 
the  extinct  Giant  Birds. 

The  first  of  these  extinct  birds 
brought  to  the  notice  of  the  scientific 
world  were  the  Moas  of  New  Zea- 
land, in  which  islands  the  largest 
existing  representatives  of  the  group 
the  diminutive  Kiwis.  The  original  determina- 
tion of  the  former  existence  of  these  giant  birds  affords, 
uideed,  an  mteresting  instance  of  the  certainty  of  ana- 
tomical deductions,  when  made  with  proper  care  and 
suflicient  knowledge.  Thus,  many  vears  ago  a  man 
brought  to  Sir  R.  Owen  the  broken  shaft  of  the  thigh- 
bone of  some  large  animal,  which  he  stated  had  been 
obtained  from  New  Zealand,  where  the  natives  beUeved 
that  similar  bones  were  those  of  a  large  eade.  The 
specimen  was  a  somewhat  unpromismg  one,%ut  after 
careful  comparison  the  Professor  confidently  pronounced 
that  It  belonged  to  an  extinct  bird  considerably  larger 
than  any  ostrich,  for  which  he  proposed  the  name  of 
Dimniis.  Other  specimens  soon  after  brought  to  this 
country  triumphantly  estabhshed  the  correctness  of  this 
bold  identification,  and  showed  that  giant  birds  far  sur- 


Fiii.  2. — Frost  and 
Back  Views  of  the 
Left  Caxxon-bone  of 
A  Partridge. 
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passing  in  size  any  pre\'iously  known  must  have  existed  at 
a  comparatively  recent  date,  and  in  extraordinary  numbers 
in  New  Zealand.  In  the  swamps — especially  the  well- 
known  one  of  Glenmark,  near  Canterbury — these  bones, 
and  in  some  cases  nearly  entire  skeletons,  are  very  abun- 
dant ;  wliile  in  caves  there  have  been  obtained  not  only 
parts  of  skeletons  with  the  skin  still  adhering  to  them, 
but  even  well-preserved  feathers,  and  broken  egg-shells. 
Although  the  JIaoris  well  know  that  these  remains 
belonged  to  gigantic  birds,  and  give  them  a  name  of  which 
the  word  Moa  is  generally  considered  to  be  a  corruption, 
yet  there  is  some  difference  of  opinion  as  to  whether  tlieir 
ancestors  ever  saw  these  birds  in  the  flesh  ;  some  autho- 
rities considering  that  they  were  killed  off  by  the  race 
which  is  believed  to  have  inhabited  New  Zealand  before 
the  advent  of  the  Maoris.  Still,  in  any  case,  Moas  must 
have  existed  up  to  a  very  late  epoch  ;  and  it  is  even  said 
that  the  "  runs  "  made  by  them  were  visible  on  the  sides 
of  the  hLUs  up  to  a  few  years  ago,  and  may,  indeed,  stUl 
be  so. 

The  leg-bone  of  a  Moa  may  be  at  once  known  from 
that  of  all  living  Giant  Birds  by  the  circumstance  that  on 
the  front  surface  of  its  lower  end,  immediately  above  the 
knuckle-bone,  there  is  a  narrow  bar  of  bone  forming  a 
bridge  over  a  small  groove  (this  being  indistinctly  shown 
in  Fig.  1).  In  the  Giant  Moa,  of  which  the  leg  is  repre- 
sented in  Fig.  1,  the  leg-bone  attains  the  enormous  length 
of  one  yard,  and  in  an  allied  species  from  the  South 
Island  its  length  is  upwards  of  39  inches.  The  cannon- 
bone  (as  may  be  seen  in  the  figure)  is  comparatively  long 
and  slender,  and  is  more  than  half  the  length  of  the  leg- 
bone.  A  skeleton  of  a  smaller  individual  in  the  Natural 
History  Museum  has  an  approximate  height  of  10|  feet, 
and  we  may  thus  conclude  that  the  larger  birds  did  not 
stand  less  than  12  feet.  There  were  other  species  of  true 
Moas,  of  about  the  dimensions  of  a  large  male  ostrich, 
although  of  stouter  build  ;  and  resembling  the  larger  birds 
in  having  only  three  toes  to  the  feet,  and  not  the  slightest 
trace  of  a  wing. 

Alongside  of  these  giants  there  w^ere,  however,  other 
species  of  much  smaller  size,  in  which  there  were  four 
toes  to  each  foot,  and  the  cannon-bone  was  relatively 
much  shorter.  Thus  the  Dwarf  Moa,  of  which  the 
Natural  History  JIuseum  possesses  a  complete  skeleton, 
was  not  more  than  three  feet  high,  while  Owen's  Moa  was 
of  still  smaller  dimensions.  There  were  also  other  species 
of  this  group  nearly  as  large  as  an  ostrich. 

Perhaps,  however,  the  most  remarkable  of  all  these 
bu-ds  is  the  Elephant-footed  ]\Ioa,  which,  although  by  no 
means  equal  in  height  to  the  Giant  Moa,  was  of  much 
more  massive  build.  In  this  extraordinary  bird  the  leg- 
bone  is  much  shorter  and  thicker  than  in  the  Giant  Moa, 
while  the  cannon-bone  is  so  short  and  thick  that  it  almost 
loses  the  character  of  a  "  long  bone."  In  one  unusually 
large  example  of  the  last-named  bone,  while  the  length  is 
only  9J  inches,  the  width  at  the  lower  end  is  upwards  of 
6|.  By  the  side  of  such  a  bone  the  cannon-bone  of  an 
ox  looks  small  and  slender,  and  the  effects  of  a  kick  from 
such  a  leg  can  be  better  imagined  than  described. 

The  total  number  of  kinds  of  Moa  inhabiting  New 
Zealand  was  probably  at  least  fifteen,  and,  from  the 
enormous  accumulations  of  their  bones  found  in  some 
districts,  we  may  assume  that  these  creatures  were  ex- 
tremely common,  and  probably  went  about  in  droves. 
Nothing  like  this  bird-faima  is  known  in  any  other  part 
of  the  world  ;  and  its  exuberance  may  be  probably  ex- 
plained by  the  absence  of  mammals  from  New  Zealand, 
so  that  when  the  ancestors  of  the  Moas  once  reached  these 
islands  they  found  a  fr'ee  field  for  unhmited  development. 
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The  nearest  allies  of  the  Moas  are  the  small  Kiwis ;  but 
whereas  the  latter  have  long  pointed  bills  for  probing  in 
soft  mud  after  worms,  the  bills  of  the  Moa  were  short  and 
broad  like  those  of  the  Ostrich.  Moreover,  although  the 
Kiwis  have  no  wings  visible  externally,  they  retain  rudi- 
mentary wing-bones,  which  have  totally  disappeared  in 
the  Moas.  The  plumage  of  the  Moas  appears  to  have 
been  of  the  hair-like  nature  of  that  of  the  Kiwis.  Since 
the  latter  differ  from  the  Ostriches  in  that  the  females  are 
larger  than  the  males,  we  may  assume  that  the  same 
condition  obtained  among  the  Moas.  The  Kiwis  are 
further  remarkable  for  the  enormous  proportionate  size 
of  their  eggs ;  and  if  anything  like  the  same  relative 
proportions  held  good  with  those  of  the  Moas,  the  egg 
of  the  Giant  Moa  must  have  been  of  stupendous  dimen- 
sions. It  is,  however,  probable  that  the  eggs  of  the 
larger  Moas  were  relatively  smaller  than  those  of  the 
Kiwis. 

Passing  to  Australia,  we  find  in  the  superficial  deposits 
remains  of  a  bird  as  large  as  some  of  the  medium-sized 
species  of  Moa,  but  at  once  distinguished  by  the  absence 
of  a  bridge  of  bone  at  the  lower  end  of  the  leg-bone. 
This  bird,  which  has  been  named  Dnimnrnis,  is,  however, 
as  yet  but  very  imperfectly  known,  so  that  we  are  to  a 
great  extent  in  the  dark  as  to  its  affinities,  though  it  was 
probably  a  distant  giant  relation  of  the  Cassowaries. 

Before  we  again  meet  with  fossil  giant  birds  we  have  to 
cross  the  whole  extent  of  the  Indian  Ocean  to  Madagascar. 
Here  there  occurs  the  enormous  bird  known  as  the 
/Epyornu,  the  existence  of  which  was  first  revealed  by  its 
eggs,  which  are  foimd  sunk  in  the  swamps,  but  of  which 
bones — mostly  imperfect — were  subsequently  discovered. 
One  of  these  enormous  eggs  measures  three  feet  in  its 
longer  circumference,  and  2i  feet  in  girth ;  its  cubic 
contents  being  estimated  at  rather  more  than  two  gallons. 
The  leg- bone  of  this  bird  has  no  bony  bridge  at  its  lower 
end,  and  the  cannon-bone  (of  which  only  a  portion  is 
known)  is  as  wide  as  that  of  the  Elephant-footed  Moa, 
but  is  much  longer  and  thinner.  The  natives  search  after 
the  eggs  of  this  bird  by  probing  for  them  in  the  soft  mud 
of  the  swamps  with  long  iron  rods. 

The  Moas,  the  Dromornis,  and  the  iEpyomis  indicate, 
then,  three  totally  distinct  groups  of  Giant  Birds  ;  and 
since  their  various  habitats  occupy  islands  on  both  sides 
of  the  Indian  Ocean,  it  is  a  fair  presumption  that  their 
common  ancestors  originally  inhabited  some  part  of 
the  great  contmental  mass  of  the  Old  World.  Hupport 
is  ailbrded  to  this  hypothesis  by  the  occurrence  of  the 
Ostriches  on  the  west,  and  the  Cassowaries  and  Emus  on 
the  eastern  side  of  the  same  great  ocean.  IMoreovcr, 
there  is  historic  evidence  to  the  effect  that  Ostriches, 
which  are  now  confined  to  Africa  and  Arabia,  formerly 
existed  in  Baluchistan  and  Central  Asia  ;  and  since  their 
fossil  remains  occur  in  the  Pliocene  deposits  of  Northern 
India,  there  is  little  doubt  that  at  least  this  group  of 
Giant  Birds  originated  in  the  northern  part  of  the  Old 
World.  Again,  the  Indian  deposits  already  mentioned 
have  also  yielded  remains  of  a  bird  dift'ering  from  the 
Ostrich  in  having  three  in  place  of  two  toes,  and  thereby 
agreeing  with  the  Cassowaries  and  Imuus,  to  which  it 
was  doubtless  allied,  and  thus  indicating  that  these 
birds  likewise  had  their  original  home  on  the  great  Euro- 
Asiatic  continent,  from  whence  they  have  gradually 
migrated  southwards  till  they  reached  regions  free  from 
the  large  carnivorous  mammals  of  the  continents. 

Looking  back  through  the  Tertiary  rocks  of  I'hirope  to 
see  if  we  can  find  there  traces  of  ancestral  Giant  Birds, 
it  is  not  till  we  come  to  the  Lowest  Eocene,  or  period 
immediately  below  the  Loudon  clay,  that   our  search  is 


rewarded.  Here,  however,  both  in  England,  France,  and 
Belgium,  we  meet  with  limb-bones  and  other  remains  of 
Giant  Birds,  which,  from  their  huge  size,  must  almost 
certainly  have  belonged  to  the  group  under  consideration. 
In  this  bird,  which  is  known  as  (Jaxtornis,  the  lower  end 
of  the  leg-bone  has  a  bony  bridge,  as  in  the  Moas  ;  and 
since  this  is  a  feature  common  to  the  great  majority  of 
flying  birds,  it  suggests  a  community  of  origin  between 
them  and  the  Giant  Birds  ;  the  loss  of  this  bridge  in  the 
living  members  of  the  latter  thus  being  an  acquired 
character.  Although  we  are  still  very  much  in  the  dark 
as  to  the  real  affinities  of  the  Gnstornia,  yet  it  appears  to 
be  more  nearly  related  to  the  Moas  and  the  Dromornis 
than  to  any  other  birds,  and  it  might,  therefore,  have 
well  been  one  of  the  ancestors  of  the  group. 

This  is  at  present  the  extent  of  our  knowledge  of  the 
former  distribution  of  Giant  Birds  ;  but  it  may  be  confi- 
dently expected  that  whenever  the  Tertiary  formations  of 
Northern  Africa  and  Southern  and  Central  Asia  are  fuUy 
explored,  we  shall  be  rewarded  by  the  discovery  of  other 
kinds,  which  will  tend  to  more  or  less  completely  connect 
together  those  at  present  known  to  us,  and  which  will 
also  show  how  these  have  gradually  migrated,  since  the 
Eocene  Period,  fi-om  the  great  continental  northern  mass 
to  those  southerly  areas  wherein  some  have  existed  up  to 
a  comparatively  late  period,  and  where  others  still  remain 
as  the  sole  living  witnesses  in  the  Old  World  of  a  group 
which  has  all  but  passed  away. 


THE  MAGIC  SQUARE  OF  FOUR. 

By  T.  Squire  Baerett,  F.S.S. 

TO  treat  fully  of  the  square  of  4  alone  would  take  a 
good-sized  volume.  The  ancient  Egyptians  and 
Pythagoreans,  in  their  ignorance  of  mathematics, 
thought  it  so  wonderful  that  a  series  of  numbers 
could  be  arranged  to  add  up  alike,  upward,  across, 
or  diagonally,  that  they  regarded  such  combmations  with 
superstitious  veneration.  We,  however,  know  that  it  would 
be  much  more  wonderful  if  magic  squares  could  not  be 
made.  For  example,  considering  the  difficulty  with 
which  a  person,  without  some  knowledge  of  the  subject, 
could  make  a  magic  square  with  an  arithmetical  series  of 
sixteen  numbers,  it  would  naturally  be  thought  that  it 
could  be  done  in  very  few  ways.  But  it  was  shown  by 
Frenicle  that  it  could  be  accomplished  in  at  least  880 
ways.  Nor  is  this  surprising  when  we  consider  that 
there  are  nearly  three  billion  (2,615,348,736,000)  ways  of 
arranging  16  things  in  the  form  of  a  square. 

It  is  more  than  possible  that  Freuicle"s  list  does  not 
exhaust  the  number  of  such  squares.  I  have  never  seen 
his  collection,  and  was  therefore  rather  surprised  to  find 
that  I  could  make  exactly  the  same  number,  but  no  more. 
Nevertheless,  I  should  not  like  to  say  that  others  could 
not  be  constructed. 

These  880  squares,  consisting  as  they  do  of  numbers 
in  arithmetical  progression,  may  obviously  be  classified 
according  to  the  relative  position  of  each  pair  of  comple- 
mentary numbers.  When  the  numbers  ai-e  the  natural 
series  from  1  to  16,  each  complementary  pair  wUl  sum 
17;  1 -f  16,  2  +  15,  3 -t- 14,  and  so  on. 

This  classification  shows  the  existence  of  12  different 
types,  some  of  which  are  very  curious.  The  most  perfect 
of  them  is  the  mixik  square.  [For  definition  of  a  uasik 
magic  square,  see  foot-notf,  in  KNowi.KixiE,  p.  277.]  Of 
this  type  (which  I  call  A)  it  can  be  mathematically  proved 
that  only  48  variations  are  possible.  I  give  an  example 
on  the  next  page. 


46 


KNOWLEDGE 


[Makch  2,  1891. 


N><^^ 

10 

15 

4 

a 

o  /^VfX  p 

8 

1 

11 

n 

A    y    Xx    X 

/\0(v/\ 

13 

12 

7 

2 

o/CxC-^ 

3 

6 

9 

16 

The  diagram  on  the  left  shows  the  Relative  position  of 
complementary  numbers,  a  line  in  each  case  running 
fi-om  one  to  the  other. 

The  remaining  11  types,  with  examples,  are  as  fol- 
lows : — 
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The    above    types   are   distributed    amongst   the    880 
squares  in  the  following  proportions  : — 


Of  type 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 

there  are 

4.S 
48 
272 
90 
9G 
9G 
52 

8 
52 
52 

8 
52 

varieties 

880 

There  is  a  close  connection  between  some  of  the  types, 
especially  between  those  of  which  there  is  the  same 
number  of  varieties.  A  simple  transposition  of  the 
figures  will  in  many  cases  convert  one  into  another.  As 
an  instance  of  this,  types  G,  I,  J,  and  L  are  thus  recipro- 
cally convertible.  If  we  take  a  G  square  and  transpose 
the  two  middle  rows,  and  then  the  two  middle  columns, 
it  is  turned  into  a  square  of  the  I  type  ;  and  if  this  I 
square  has  its  numbers  diagonally  adjacent  to  each  other 
(like  those  connected  in  diagram  D)  transposed,  we  get  a 
square  of  type  J.  If,  further,  this  J  square  has  its  middle 
rows  and  columns  transposed,  a  square  of  type  L  is  formed  ; 
and,  once  more  altering  the  result  like  diagram  D,  we  finally 
get  the  same  square  of  G  with  which  we  started,  but 
turned  upside  down. 

One  way  of  estimating  the  number  of  squares  of  a 
given  type  is  to  decompose  the  numbers  into  two  skeleton 
squares,  each  containing  four  numbers  four  times  repeated. 
By  way  of  example,  let  us  decompose  a  square  of  type  C, 
being  the  most  numerous,  putting  the  numbers  1,  2,  3,  4 
into  one  and  0,  4,  8,  12  into  the  other  skeleton  square  ; 
thus  : — 


1 

(i     11 

G 

1 

2      3 

4 

0 

4       8 

12 

15 

12       5 

•J 

3 

4       1 

9 

12 

8       4 

0 

U 

9       8 

3 

•> 

1       4 

3 

12 

8       4 

0 

4 

7     10 
(1) 

1.3 

4 

3       2 

1 

0 

4       8 

12 

(1)  IS  a  square  of  type  C;  and  (2)  and  (3)  are  two 
skeleton  squares  which  on  being  added  together  produce 

Now,  on  examining  the  structure  of  the  squares  (2)  and 
(3),  we  see  that  their  own  complementary  pairs  are 
arranged  in  accordance  with  the  type  of  (1),  that  is  C. 
In  (2)  the  sum  of  each  pair  is  5  ;  in  (3)  the  sum  is  12. 
On  further  examination  of  the  squares,  wo  may  observe 
that  the  numbers  may  be  transposed  in  various  ways  so 
as  to  produce  difl'erent  results,  still  belonging  to  the  same 
type.  Thus,  in  square  (2)  each  2  may  be  written  3,  and 
ricf  rersii,  and  each  4  may  be  written  1,  and  (■(<■('  rei\t,L 
Tliis  will  give  in  combination  with  square  (3)  three  addi- 
tional squares  of  the  same  typo,  or  four  in  all. 

Furthermore,  the  numbers  in  scpiare  (3)  may  be  trans- 
posed in  similar  manner,  4  for  8  and  0  for  12,  and  ricr 
rt'isii,  giving  another  4  varieties,  which,  combined  with 
the  4  varieties  of  the  other  skeleton  square,  give  us  4x4, 
or  10  squares  of  the  type.  Again,  the  arrangement  of  the 
two  skeleton  squares  may  bo  reversed ;  we  may  write 
down  tlic  1,  2,  3,  4  in  the  way  the  0,  4,  8,  12  are  written 
down  above,  and  rice  rcisd.  'L'liis  doubles  the  number  of 
squares  producible,  giving  us  10  x  2,  or  82.  Once  more,  a 
partial  transposition  may  be  made  in  the  numbers  of 
square  (2).      For  example,  the  2  and  3  may  bo  transposed 


in  the  top  and  bottom  rows,  whilst  those  in  the  middle 
rows  are  undisturbed. 

This  partial  transposition  may  be  performed  on  what- 
ever numbers  occupy  the  middle  cells  of  the  top  and 
bottom  rows.  This  again  doubles  the  number,  bringing 
it  up  to  32x2,  or  64. 

Nor  is  this  by  any  means  all.  There  are  two  other 
ways  of  decomposing  these  squares.  Instead  of  putting 
1,  2,  3,  4  into  one,  and  0,  4,  8,  12  into  the  other  skeleton 
square,  we  may  put  1,  2,  5,  6  into  one,  and  0,  2,  8,  10 
into  the  other  ;  or  1,  3,  5,  7  into  one  and  0,  1,  8,  9  into 
the  other.     Thus 


1 

2     5 

C, 

0 

2     8  10 

1     4  13  16 

5 

6     1 

i 

ID 

8     2     0 

15  14     3     2 

2 

1     0 

,') 

10 

8     2     0 

12     9     8     5 

6 

5     2 

1 

0 

2    8  10 

6     7  10  11 

(4) 

(5) 

(0)  ■ 

1 

3     5 

7 

0 

18     9 

1     4  13  1(5 

5 

7     1 

3 

9 

8     10 

14  15     2     3 

3 

1     7 

,T 

9 

8     10 

12     9     8     5 

7 

5     3 

1 

0 

1     8     9 

7     0  11  10 

(7) 

(«) 

(9) 

The  second  set  of  series  in  (4)  and  (5),  and  the  third 
set  in  (7)  and  (8),  have  just  the  same  arrangement  re- 
spectively as  the  numbers  in  (2)  and  (3).  The  resulting 
squares  (0)  and  (9),  it  may  be  noticed,  are  different  from 
(1)  and  different  from  each  other.  Using  aU  these  three 
sets  of  series  therefore  trebles  the  number  of  squares  pi'e- 
viously  arrived  at — gi\dng  us  64  x  3,  or  192.  These  192 
squares,  however,  do  not  exhaust  the  type  C.  I  am  in- 
debted to  Mr.  James  Cram,  the  author  of  an  ingenious 
little  book  on  magic  squares,  for  five  other  squares  of  this 
type,  each  of  which  may  be  transposed  in  all  the  ways 
above  described  excepting  two,  thus  producing  16  varieties 
of  each  instead  of  04.  This  gives  us  5  x  16,  or  80 
additional  squares — making  up  the  272.  1  give  below  the 
analysis  of  one  of  these  80,  as  it  is  very  peculiar : 

1     0  12  10  114     4  0     4     8  12 

15  11     (!     2  3     3     2     2  12    8     4     0 

14     8     9     3  2     4     13  12    4     8     0 

4  10     7  13  4     2     3     1  0     8    4  12 

(10)  (11)  (12) 

The  skeleton  squares  (11)  and  (12),  it  will  be  observed, 
both  sum  wrongly  in  their  diagonals.  Nevertheless,  on 
combination,  the  resulting  square  is  found  to  be  correct ; 
the  errors  having  an  opposite  character,  and  neutralising 
one  another. 

The  decomposition  of  squares  is  easily  effected  by  aid  of 
little  tables  like  the  following  : — 


1     2     ;!     4 

0 
4 
8 
12 

1     2     .-i     4 

5     C     7     8 

9   1(1   11   12 

13  14  15  1(! 

1     2     5     (! 

0 

1     2     5     (i 

9 

3     4     7     8 

8 

9  10  13  14 

0 

11  12  15  1(5 

1    3 

5     7 

0 

1     3 

0     7 

1 

2     4 

6    8 

8 

9  11 

13  15 

9 

10  12 

14  16 

Find  the  number  you  wish  to  decompose  in  the  table 
belonging  to  the  series,  and  in  a  line  with  it  will  be  found 
at  the  top  the  number  for  one  of  the  skeleton  squares,  and 
at  the  left-hand  side  that  for  the  other. 


A  PERPETUAL  CALENDAR. 
Mr.  C.  L.  Prinok,  of  Crowborough,  has  sent  us  a  very 
simple  perpetual  calendar  devised  by  him  a  few  years  ago, 
which  avoids  the  necessity  of  committing  to  memory  the 
rather  complicated  rules  given  in  Mr.  R.  W.  D.  Christie's 
letter  in  our  last  number. 

The  accompanying  block  may  bo  cut  out  and  mounted 
oil  two  pieces  of  cardboard.     The   inner  circle  of  Domi- 
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nical  letters  and  days  of  the  month  should  be  mounted 
on  a  circular  piece  of  cardboard,  affixed  by  a  paper- 
fastener  or  button  and  thread  through  its  centre  to  a 
larger  piece  of  cardboard,  on  which  the  outer  circle  con- 
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taiuiiig    the    days    of  the  weeli   and   months    should    be 
gummed  concentrically  with  the  inner  disc. 

Mr.  Prince's   rules   for   finding   the   day  of  the    week 
A  List  of  Sunday  Letters  Corresponding    to    any    date    in    this 
from  A. D,  iSooto  iSqq.     ccntury,  are  as  follows  : — 

"  Kotate  the  Circular  Index  until  you 
place  the  Sunday  Letter  for  the  Ye.ui 
under  the  Month  you  require,  when 
it  will  show  the  day  of  the  week  for 
any  day  in  that  month,  and  will  thus 
serve  as  a  Calendar  for  any  number 
of  years.  The  Letters  in  the  first 
column  of  the  adjoining  Table  are 
the  Sunday  Letters  for  each  year  in 
the  same  line." 

"  Li  the  case  of  Leap  Year  (to  Feb- 
ruary 29th  only),  make  use  of  the 
first  of  the  two  Sunday  Letters  for 
that  year  ;  thus,  for  the  year  1888,  A 
woidd  be  the  letter  to  February  29th, 
and  G  for  the  remainder  of  the  year.  " 
"Each  Letter  in  sixth  column  de- 
notes that  all  years  between  it  and 
that  in  column  one  are  Leap  Years. 
This  table  renders  the  Calendar  use- 
ful for  ascertaining  the  day  of  the 
week  of  any  date  during  the  present 
century." 

The  days  of  the  week  for  next  century  may  be  at  once 
determined  by  finding  the  day  of  the  week  for  the  corre- 
sponding day  of  this  century,  and  gomg  back  two  days  ; 
thus,  the  1st  of  January  1801  was  on  a  Thursday,  and  the 
1st  of  .January  1901  will  be  on  a  Tuesday,  The  days  of 
the  week  for  last  century,  from  the  1-lth  of  September 
1752,  when  the  eleven  days  were  dropped,  till  the  end  of 
the  century,  may  be  determined  by  finding  the  day  of  the 
week  for  the  corresponding  day  of  this  century  and  going 
forward  two  days  ;  thus,  the  1st  of  January  1853  was 
on  a  Saturday,  and  the  1st  of  January  1753  was  on  a 
Monday. 

To  determuie  the  days  of  the  week  for  the  twenty-first 


n  1  I  1  29  1  57  1  8S  1 

C  1  3  1  30  1  58  1  86  1 

B  1  3  1  31  i  59  1  8»  1 

A  1  4  1  32  1  f.o  1  88  1  U 

i'  1  5l33|0T|89l 

E  1  b  1  34  1  62  i  90  1 

D  1  7  1  35  1  63  1  9"  1 

C  1  8  1  36  1  64  1  92  1  B 

A  1  9  1  37  1  65  1  93  1 
G  1  10  1  38  1  66  1  94  1 

r  1  II  1  39  1  67  1  95  1 

E  1  12  1  40  1  68  1  96  j  D 

C  1  13  1  41  1  69  1  97  1 
B    1  14  1  42  1  70  1  98  1 

A  1  15  1  43  1  71  1  99  1 

G  1  16  1  44  1  72  1    1  F 

E  1  H  1  45  1  73  1   1 

0  1  18  1  46  1  74  1   1 

C  1  19  1  47  1  75  i   1 

B  1  2o  1  48  1  76  1   1  A 

G  1  21  1  49  1  77  1    1 

F  1  22  i  JO  1  78  1    1 

E  1  23I51  I75I   1 

D  1  24  1  52  1  80  1   i  C 

B  1  25  1  53  1  81  1   1 

A  1  26  1  54  1  82  1   1 

G  1  27  (  55  1  83  1   1 

F  1  28  1  56  1  84  1   IE 

century  we  must  go  backwards  three  days  in  the  week 
from  the  corresponding  day  of  this  century,  for  the  year 
2000  will  be  a  leap  year,  while  the  years  1900,  2100,  &c. 
are  not  leap  years.  For  the  twenty-second  century  the 
rule  will  be — go  backwards  five  days  in  the  week,  which  is 
the  same  thing  as  going  forward  two  days. 

In  the  twenty-third  century,  people  will  keep  the  tetra- 
centenaries,  or  fourth-century  celebrations  of  events  which 
have  happened  in  this  century,  on  the  same  day  of  the 
week  as  that  on  which  they  actually  happened  or  are 
suj)posed  to  have  happened. 

In  future  all  tetracentenaries  will  occur  on  the  same 
day  of  the  week  as  the  event  they  commemorate,  for  a 
period  of  400  years  must  always  include  one  year  which 
will  divide  by  400  without  leaving  a  remainder. 


NOTE   ON   THE  ORBIT  OF  THE  DOUBLE 
STAR  5  2. 

By  S.  W.  Buknham. 

IT  would  have  been  hardly  possible  to  get  even  an 
approximate  orbit  of  this  star  with  the  measures 
made  during  the  fifty  years  following  its  discovery. 
At  the  time  of  the  first  observations  by  Struve  it 
was  comparatively  easy  to  measure  ;  but  the  stars 
slowly  approached  each  other,  and  after  1858  the  measures 
are  few  and  very  imcertain.  Many  of  the  estimated,  or 
partly  measured  position-angles  are  obviously  very  largely 
in  error,  judging  from  the  earlier  measures  which  may  be 
assumed  to  be  reasonably  exact,  since  the  distance  between 


the  components  was  sufficient  to  make  it  easily  measure- 
able  with  a  moderate  aperture.  No  attempt,  so  far  as  I 
am  aware,  has  been  made  to  compute  an  orbit  from  these 
measures.  The  entire  angular  motion  from  1830  to  1858 
was  only  12^.  The  principal  change  was  in  the  distance, 
which  at  the  last-named  date  was  only  one-half  that  at 
the  time  of  the  first  measures  by  Struve.  So  far  as  these 
observations  are  concerned,  they  coidd  be  as  well  repre- 
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sented  by  rectilinear  motion  as  any  other.  The  proba- 
bilities, however,  in  the  case  of  a  pair  of  this  kind  are 
greatly  in  favour  of  the  relative  change  being  due  to 
orbital  motion,  and  it  was  safe  to  assume  that  these  stars 
were  far  more  likely  to  be  physically  connected  than  that 
one  was  drifting  past  the  other  from  proper  motion. 

In  using  the  30-inch  telescope  for  double  star  work,  as 
far  as  time  would  allow,  I  have  looked  up  and  re-measured 
some  of  the  old  pairs  which  have  either  been  single  for 
many  years,  or  so  difficult  that  they  were  practically  non- 
measurable  with  ordinary  telescopes.  The  result  has  been 
that  in  a  number  of  instances  a  single  set  of  measures  of 
each  star  made  it  possible  to  get  a  reasonably  accurate 
idea  of  the  periods.  In  this  case,  the  change  in  angle 
since  the  last  measure  of  Otto  Struve  amounts  to  over 
160°,  so  that  the  apparent  path  of  the  companion  in  the 
future  is  confined  within  narrow  limits.  I  had  overlooked, 
when  placing  this  star  on  the  working  list,  an  excellent 
set  of  measures  by  Tarrant  in  IHHH,  made  vn.th  a  12-inch 
reflector.  These  measures  are  remarkably  accordant  with 
my  own  made  with  a  much  more  powerful  instrument. 

I  have  taken  all  the  measures  of  this  pair  wliich  can  be 
used  in  any  investigation  of  its  motion,  and  laid  them  ofl' 
accurately  to  scale  (5  inches=l"),  with  the  distance  to  the 
second  decimal  place,  and  the  angles  to  the  nearest  tenth 
of  a  degree.  As  nearly  as  possible  through  these  positions 
an  ellipse  has  been  drawn  which  will  make  the  areas 
proportional  to  the  times,  and  allow  of  the  minimum 
correction  of  the  observed  angles  and  distances.  The 
figure  shown  on  the  accompanying  diagram  is  in  sub- 
stantial compliance  with  these  conditions,  and  the  errors 
of  observation  are  practically  insensible  in  measures  of 
this  kind. 

The  following  are  the  measures  made  use  of : — 


1830  -85 

1840  -50 

1848  -22 

1808  -.50 

1880  -58 

1888  -0!) 

1890  -82 


341-5 
338-4 
334  •■'.) 
329-3 


0"-81 
0"-74 
0"-52 
0"-44 


5  5n 

02  3n 

05  (5  n 

02  10  n 


Certainly  single  /3 

182--8         0"-3±        T  3n 

177''1         0"-29         13  3n 

During  the  interval  of  about  thirty  years,  in  which 
there  are  no  measures,  it  was  frequently  noted  as  single, 
and  doubtless  was  apparently  so  with  the  instruments 
used  ;  but  much  of  the  time  the  distance  must  have  been 
at  least  0"-2,  and  of  course  this  would  have  been  noticed 
with  a  larger  aperture.  I  have  given  above  my  own 
negative  results  in  1880,  as  the  observation  was  made  with 
the  l8-;'j-inch  of  the  Dearborn  Observatory,  and  the  distance 
must  have  been  very  small  to  have  escaped  detection. 
According  to  this  orbit,  at  that  time  the  distance  should 
have  been  a  little  less  than  0"-15,  and  so  slight  an  elon- 
gation probably  would  not  have  been  noticed  with  that 
aperture.  With  the  Lick  telescope  it  would  have  been 
measureablc  at  all  times. 

It  is  not  claimed  that  anything  more  than  approximate 
results  can  be  derived  from  these  investigations,  but  the 
graphical  method  is  probably  as  good  as  any  other  with 
the  present  data.  It  is  evident  that  the  period  is  a  long 
one  ;  and  according  to  this  ellipse  it  would  be  about  450 
years.     Wo  have  also  the  following  : — 

Maximum  distance   -         -         -     0"-98 
Minnnum  distance    -         -         -     0"-13  (1870) 
Major  axis        .         .         -         -     l"-55 
Minor  axis        ...         -     0"-58 
Position  angle  of  major  axis      -     lC4°-5 
The  change  for  some  time  will  be  mamly  in  distance. 
In  about  five  years  more  it  should  be  0"-4  ;  and   it   will 


then  be  easily  measurable  with  almost  any  instrument. 
Frequent  measures  of  a  pair  of  this  class  are  not  neces- 
sary. A  few  careful  sets  of  measures  every  five  or  ten 
years  will  be  all  that  is  required  for  any  purpose. 


Hcttcrs. 


[The  Editor  does  not  hold  himself  responsible  for  the  opinions    or 
statements  of  correspondents.] 


HOW  DID  HE  FIND  THE  WAY  ? 
To  the  Editor  of  Kxowledge. 

Dear  Sir, — If  it  will  not  trespass  too  greatly  on  your 
space,  I  shoidd  be  glad  if  you  coidd  afford  room  for  the 
following  incident  : — 

In  August  1889  a  gentleman  and  his  family  removed 
from  Stockport  to  St.  Leonards-on-Sea,  taking  with  them 
a  fine  Tom  cat  they  had  had  several  years.  Tom  seemed 
restless  at  this  change  of  quarters,  and,  after  about  a  fort- 
night, disappeared.  Some  weeks  later,  Tom's  master 
received  a  letter  from  one  of  his  sons  who  was  resident  in 
Stockport  to  the  effect  that  Tom  had  been  seen  by  the 
neighbours  prowling  round  his  old  home.  Shortly  after, 
he  disappeared  again,  and  about  three  weeks  later  again 
arrived  at  St.  Leonards  in  a  very  dejdorable  condition — 
reduced  to  a  mere  skeleton.  His  master,  on  returning 
home  late  one  night,  found  the  cat  on  the  door-step,  and 
was  welcomed  by  him  with  every  possible  demoustration 
of  delight.  Tom  has  been  very  feeble  ever  since,  and  is 
most  unwilling  to  leave  the  house. 

The  puzzle  is.  how  could  the  cat  find  his  way  from 
St.  Leonards  t)  Stockport,  a  distance  of  200  miles,  seeing 
that  he  was  brought  by  train,  and  was  shut  in  a  sack  for 
most  of  the  way.  And  to  make  the  puzzle  yet  more 
difficult,  the  railway  journey  was  necessarily  broken  in 
London,  and  the  cat  was  conveyed  from  the  northern 
to  the  southern  station  in  a  cab.  The  return  journey  to 
St.  Leonards  one  can  understand,  but  how  did  he  find  his 
way  to  Stockport "? — E.  W.  Mavnder. 

[The  weak  link  in  this  remarkable  story  seems  to  be 
that  Tom  was  only  seen  and  recognised  by  the  neighbours, 
prowling  round  his  old  home.  A  recognition  by  tlie  son 
would  have  been  more  satisfactory,  especially  if  he  had 
marked  Tom. — A.  C.  Ranyard.] 

I  have  made  inquiries,  and  find  that — 

1.  The  intimation  that  the  cat  had  appeared  in  Stock- 
port was  an  independent  one,  i.e.  before  the  people  at 
Stockport  knew  that  the  cat  had  been  missed  at  St. 
Leonard's. 

2.  The  cat  was  away  just  over  seven  weeks  in  all,  and 
was  seen  at  Stockport  during  the  middle  week  of  the 
seven. 

3.  The  cat  was  seen,  recognised,  fed,  and  taken  care  of 
by  the  next-door  neighbours  of  its  owners.  The  son  resi- 
dent in  Stockport  was  unfortunately  unable  to  come  to 
identify  the  cat  until  after  it  had  set  out  on  its  travels 
again. 

4.  The  cat,  which  was  formerly  very  fine  and  healthy, 
has  sulfered  over  since  from  severe  bronchitis. 

5.  ^'either  the  owners  of  the  cat  nor  the  neighbours 
have  the  slightest  doubt  as  to  its  identity.  Indeed  they 
are  disposed  to  be  rather  indignant  if  it  is  hinted  that 
there  may  be  the  possibility  of  a  mistake. 

If  it  was  not  the  same  cat  that  turned  up  at  Stockport,, 
then  there  certainly  were  some  remarkable  coincidences. 

E.    \V.    M.UTNDER. 
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THE  MILKY  WAY  IN   THE  SOUTHERN 
HEMISPHERE. 

]')Y  A.   C.   Ranyaku. 

Tl  1 1',  plates  illustrating  this  paper  have  been  made 
from  photographs  taken  by  Mr.  Russell,  Director 
of  the  Sydney  Observatory,  New  South  Wales. 
They  will  bear  close  examination  with  a  magni- 
fying glass,  and  the  sharp  images  of  the  small 
stars  show  how  very  accurate  and  steady  must  have  been 
the  motion  of  Mr.  Russell's  driving  clock,  which  kept  the 
camera  directed  to  the  stars  during  the  exposures  by  a 
motion  about  the  polar  axis  of  the  instrument  in  a  con- 
trary direction  to  the  earth's  motion  about  its  axis.  The 
driving  clock  was  controlled  by  an  electrical  apparatus, 
contrived  by  Mr.  Russell,  which  connects  it  with  a  govern- 
ing clock  and  two  heavy  pendulums.  These  photographs 
form  a  very  satisfactory  certificate  of  Mr.  Russell's  method 
of  electrical  control,  and  show  that  the  differences  of  re- 
fraction due  to  the  changes  of  the  altitude  of  stars  during 
long  exposures  may  be  more  accurately  compensated  for 
than  had  hitherto  been  supposed. 

The  scale  of  these  star-pictures  will  be  best  appreciated 
from  photograph  No.  II.,  which  shows  the  greater  part  of  the 
lower  or  southern  portion  of  the  constellation  of  Orion. 
The  three  stars  at  the  bottom  of  the  picture  form  the  belt 
of  the  constellation  giant.  The  three  stars  in  a  nearly 
vertical  line  above  them,  with  the  Great  Nebula  about  the 
central  star,  form  the  sword  ;  and  the  two  stars  on  either 
hand  towards  the  top  of  the  picture  form  the  feet  of  the 
giant.  Unfortunately  the  printers  have  turned  this  pic- 
ture, as  well  as  No.  III.,  with  the  south  point  at  the  top 
instead  of  at  the  bottom  of  the  pictures,  as  in  Nos.  I. 
and  IV. 

Picture  No.  II.  enables  us  to  show  that  the  central 
line  of  symmetry  of  the  Orion  Nebula,  towards 
which  the  great  curving  structures  springing  fi-om  the 
neighbourhood  of  the  trapezium  are  synclinal,  is,  as 
nearly  as  one  can  judge,  at  right  angles  to  the  medial 
plane  of  the  Milky  Way.  A  reference  to  any  good  star 
map  or  globe  showing  the  Milky  Way,  will  show  that  the 
line  passing  through  the  stars  of  Orion's  Belt  is  nearly 
parallel  to  the  plane  of  the  Milky  Way,  the  axis  of  sym- 
metry of  the  Great  Nebula  is  nearly  square  to  the  line  of 
the  belt,  and  consequently  at  right  angles  to  the  general 
plane  of  the  Milky  Way.  Another  fact  worth  mentioning, 
as  showing  an  apparent  symmetry  with  regard  to  the 
plane  of  the  Milky  Way,  is  that  the  two  remarkable  nebu- 
lous lines  joining  stars  in  the  Pleiades  Nebula*  are  approxi- 
mately parallel  to  the  general  plane  of  the  Milky  Way, 
though  neither  of  the  lines  are  quite  straight  or  parallel 
the  one  to  the  other.  The  edges  of  the  great  curving 
structures  of  the  Orion  Nebula  are  all  harder  on  the 
inside  towards  the  axis  of  symmetry  which  passes  through 
the  trapezium,  and  softer  or  more  nebulous  on  their  outer 
or  convex  edges.  The  scale  of  picture  No.  II.  is  too  small 
to  show  this,  though  it  is  partly  shown  on  the  larger 
picture  published  in  the  May  number  of  Kno^\xedge  for 
1889,  and  referred  to  in  the  accompanying  article  on  the 
Nebula.  It  is  still  more  evident  on  the  original  negatives, 
and  would  alone  prove,  even  if  we  knew  nothing  of  the 
symmetry  of  curvature  of  the  tree-like  structures  which 
spring  from  the  trapezium  region,  and  of  the  canopy  which 
overhangs  the  whole  nebula,  that  there  are  mighty  forces 
acting  towards  and  away  from  the  axis  of  symmetry — 
that  is,  parallel  to  the  plane  of  the  Milky  Way. 

*  See  Knowledge  for  January  18S9,  pp.  69-70. 


It  will  be  remembered  that  both  the  Pleiades  Nebula 
and  the  Orion  Nebula  lie  a  little  to  the  south  of 
the  Milky  Way,  at  about  the  same  distance  from  its 
medial  plane.  There  seems  to  be  no  obvious  connec- 
tion between  the  plane  in  which  the  Great  Nebula  in 
Andromeda  lies  and  the  plane  of  the  Milky  Way,  and  the 
same  remark  applies  with  regard  to  the  Ring  Nebula  in 
Lyra.  The  elliptic  patches  of  light  into  which  these 
nebulne  project  have  not  their  major  and  minor  axes 
parallel  and  perpendicular  to  the  medial  line  of  the  Milky 
Way,  as  would  lie  the  case  if  the  planes  of  these  nebulre 
were  either  parallel  or  perpendicular  to  the  plane  of  the 
Milky  Way ;  but  though  these  two  nebulae  are  both  on  the 
borders  of  the  Milky  Way,  the  spiral  nebubf  do  not  seem 
to  be  associated  with  the  Milky  Way  in  the  same  intimate 
manner  that  the  other  large  and  irregular  nebulie  are  ; 
thus  the  spiral  nebulie  in  Ursa  Major  and  Canes  Venatici 
are  at  some  distance  from  the  Milky  Way,  and  their 
planes  are  evidently  not  parallel  to  one  another.  Even 
the  small  elliptic  nebube  H.V.  18,  discovered  by  Miss 
Caroline  Herschel  close  to  the  great  Andromeda  Nebula, 
evidently  lies  in  a  different  plane  from  the  Great  Nebula. 

Picture  No.  I.  represents  the  part  of  the  Milky  Way  in 
Sagittarius  photographed  by  Mr.  Barnard,  which  we 
reproduced  in  the  .July  and  August  numbers  of  Knowledge. 
The  differences  between  Mr.  Russell's  photograph  taken 
at  Sydney  on  the  2nd  October  1890,  and  Mr.  Barnard's 
photograph  taken  at  the  Lick  Observatory  on  the  1  st  .\ugust 
1889,  are  very  curious  and  worthy  of  close  attention.  Both 
photographs  were  taken  with  six-inch  portrait  lenses  of 
about  31  inches  focus,  so  that  they  are  on  about  the  same 
scale,  and  the  pencil  of  light  falling  on  the  sensitive  plate 
was  in  each  case  of  about  the  same  intensity.  Mr.  Barnard's 
photograph  was  exposed  for  .Sh.  7ni.,  and  Mr.  Russell's 
for  4h.  2m.  Nevertheless,  Mr.  Barnard's  photograph 
shows  much  more  of  the  nebulous  structure  of  this  region 
of  the  Milky  Way  than  Mr.  Russell's.  This  might  be 
due  to  dift'erences  in  the  method  of  development,  or  to  a 
difi'erence  in  the  sensitiveness  of  the  plates  used  (Mr. 
Russell  seems  to  have  used  Ilford  extra  lapid  plates  ;  and 
Mr.  Barnard,  I  believe,  used  some  plates  prepared  by  the 
American  Seed-plate  Company).  But  it  is  remarkable 
that  the  relative  brightness  of  the  nebulous  areas  on 
difl'erent  parts  of  the  plates  do  not  correspond  with  one 
another  on  the  Russell  and  Barnard  plates.  The  reader 
should  refer  to  the  large  picture  from  Mr.  Barnard's  nega- 
tive published  in  the  July  number  of  Knowledge  in  order 
to  follow  what  I  am  about  to  say.  He  will  then  see  that 
there  are  great  differences  in  the  brightness  of  different 
parts  of  the  nebulous  structure,  while  the  relative  bright- 
ness of  the  stars  is  much  the  same  on  both  the  plates — 
with  one  notable  exception,  which  it  may  be  weU  to  draw 
attention  to  before  referring  to  the  difi'erences  in  the 
brightness  of  the  nebulous  light. 

In  Mr.  Barnard's  picture  there  are  two  clusters  of  stars 
near  to  the  edge  of  the  field  at  the  bottom  of  the  plate. 
Only  one  of  these  clusters,  \-iz.  that  to  the  right  hand  or 
western  side  of  the  field,  is  shown  in  Mr.  RusseUs  plates. 
The  almost  equally  brilliant  cluster  near  to  the  bottom  of 
Mr.  Barnard's  plate  is  missing  in  the  Sydney  photographs, 
for  Mr.  Russell  has  sent  over  silver  prints  from  two  nega- 
tives, one  taken  on  the  17th  September  1890,  and  the 
other,  reproduced  in  our  picture  No.  I.,  taken  on  the  2nd 
October  1890.  I  at  first  thought  it  possible  that  both 
photographs  might  by  mistake  have  been  copied  from  the 
same  negative,  and  that  the  dift'erences  between  the  Lick 
and  Sydney  photographs  might  possibly  be  due  to  in- 
equahties  in  the  sensitiveness  of  different  parts  of  the 
film  of  Mr.  Russell's  plates.     But  it  is  evident   that  no 
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such  mistake  can  have  been  made,  for  Mr.  Russell's 
photograph  of  the  2nd  of  October  contains  a  trace  made 
by  the  planet  Mars  during  the  exposure,  while  the  photo- 
graph we  have  here  reproduced  does  not.  There  seems, 
therefore,  to  be  no  doubt  that  we  have  two  independent 
photographs,  and  we  seem  to  liave  evidence  of  very  rapid 
change  in  the  brightness  of  the  southernmost  of  these 
two  star-clusters. 

While  the  nebulosity  in  the  upper  part  of  Mr.  Russell's 
picture  corresponds  generally  with  that  in  the  upper  part 
of  Mr.  Barnard's  picture,  making  allowance  for  differences 
■of  sensitiveness  of  the  plates  used,  that  in  the  middle  and 
lower  parts  does  not.  The  brightest"  nebulous  region  in 
Mr.  Barnard's  picture  is  on  the  right-hand  side  of  the  tree- 
like form  which  stretches  across  the  middle  of  the  plate  at 
the  base  of  its  lowest  right-hand  branch.  Hut  this  bright 
region  is  entirely  wanting  in  Mr.  Russell's  photographs,  as 
also  is  the  very  bright  nebulous  region  to  the  left-hand 
side  of  the  base  of  the  great  tree-like  structure.  It  is,  of 
course,  possible  that  such  differences  might  be  due  to  the 
nebulosity  of  the  upper  part  of  the  tree-like  structure 
being  caused  by  a  stippling  produced  by  larger  stars  than 
those  which  give  rise  to  the  nebulous  appearance  on  the 
lower  part  of  the  plate,  and  that  while  the  small  stars  have 
left  their  trace  on  Mr.  Barnard's  plate,  only  a  larger  grade 
of  stars  have  impressed  themselves  sufficiently  to  leave  a 
developable  trace  on  Mr.  Russell's  plate.  It  is  also  pos- 
sible that  the  lower  part  of  the  nebulous  mass  may  shine 
with  a  dift'erent  kind  of  light  from  that  with  which  the 
upper  part  shines,  and  that  while  Mr.  Barnard's  plates 
were  sensitive  to  both  kinds  of  light,  Mr.  Russell's  were 
only  sensitive  to  the  one.  But  it  is  also  possible  that  we 
may  here  have  e\'idence  of  the  existence  of  a  vast  variable 
nebula  which  undergoes  changes  in  the  relative  brightness 
of  its  parts  with  surprising  rapidity. 

I  sliould  like  to  call  attention  to  the  fact  that  the 
branching  tree-like  form  shown  in  Mr.  Barnard's  picture 
(the  upper  part  of  which  appears  in  Mr.  Russell's  pictures) 
seems  to  afl'ord  us  e\-idenceof  the  projection  of  matter  into 
a  resisting  medium  just  as  certainly  as  the  tree-like  forms 
in  the  great  Orion  Nebula  and  the  tree-like  forms  f  in  the 
Corona  bear  witness  to  explosions  on  a  colossal  scale, 
which  have  taken  place  below  their  bright  bases,  causing  a 
stream  of  matter  to  be  projected  upwards,  which  stream 
has  subsequently  been  divided  and  its  branches  deflected 
from  their  original  course  by  a  resisting  medium.  If  there 
were  no  resistmg  medium  and  the  only  force  acting  on 
the  projected  matter  was  gravity  towards  the  region  from 
which  the  explosion  took  place,  the  streams  would  have 
the  form  of  trajectories,  and  they  could  only  bo  projected 
into  conic  sections. 

The  actual  existence  of  the  great  tree-form  on  Mr.  Bar- 
nard's picture  seems  to  be  confirmed  by  the  arrangement 
of  the  stars  in  lines  along  its  branches,  which  is  best 
shown  in  the  small  photographs  published  in  the  August 
number  of  Knowleduk  for  1890,  and  in  the  Munthli/  Xoticcs 
of  the  Royal  Astronomical  Society  for  March  IK'JO.  To  see 
the  stars  in  these  small  pictures  they  should  be  examined 
with  a  magnifying  glass.  The  brighter  streams  of  stars 
will  be  recognized  in  Mr.  Russell's  photographs  after  they 
have  onco  been  seen  in  Mr.  Barnard's. 

We  seem,  therefore,  to  have  evidence  that  there  is  a 
resisting  medium   which  occupies  a  vast   region    of  the 

*  The  ne.irly  circular  white  patch  at  the  top  of  tho  picture  ie,  as 
was  explained  in  the  July  number,  duo  to  an  over-exposed  image  of 
the  planet  Jupiter,  with  the  Trilid  Nobula  below  it.  Jupiter  has 
moved  away  and  the  Tritid  Nebula  remains  on  Mr.  Hussell's 
pictures. 

t  See  Knowledge  for  May  1889,  p.  HO. 


Milky  Way  ;  and  perhaps  the  whole  nebulous  circle  which 
surrounds  the  sky  is  not  one  vast  nebula.  The  resisting 
medium  need  not  be  gas  ;  dust  mo\'ing  in  space,  or  larger 
particles,  would  equally  offer  resistance.  The  variability 
in  brightness  over  so  vast  a  region,  if  substantiated  by 
future  photographs,  will  need  us  to  assume  the  existence 
of  forces  travelling  far  more  swiftly  than  Ught  or  elec- 
tricity, and  giving  rise  to  the  synchronous  dimming  or 
glowing  of  the  light-giving  matter. 

Picture  No.  III.  represents  the  Nebecula  Major  (the 
larger  Magellanic  cloud),  taken  by  Mr.  Russell  on  the  17th 
of  October  1890  with  an  exposure  of  7h.  3m.  In  a  private 
letter  enclosing  me  the  silver  print  of  this  picture  Mr. 
Russell  says  :  "  This  negative  has  brought  out  the  grandest 
spiral  structure  in  the  heavens.  Herschel  estimated  this 
object  to  cover  48°.  It  is  now  shown  to  be  one  great 
spiral  structure  supported,  as  it  were,  by  two  smaller 
ones  in  which  Mars  onhj  are  visible.  One  is  situated  on 
the  North  follawlnii,  and  the  other  on  the  South  priredimj 
side  of  the  great  spiral."  These  spirals  are  just  visible 
on  our  plates,  but  they  are  not  so  well  shown  as  on  the 
silver  print  or  on  the  transparency  which  Mr.  Russell  has 
kindly  sent  me. 

Picture  No.  IV.  represents  the  Nebecula  Minor,  taken 
on  October  11-15,  1890,  with  an  exposure  of  8  hours.  It 
is  also  spiral  in  structure,  though  not  so  clearly  so  as  the 
Great  Nebecula.  Within  it  and  around  it  are  some  curious 
streams  of  small  stars,  all  of  about  the  same  magnitude. 
One  of  such  streams,  shown  in  our  plate  on  the  upper 
left-hand  side  of  the  chief  cloudy  mass,  is  like  a  double  W. 

M  r.  Russell  has  also  sent  over  a  most  interesting  contact 
print  from  a  negative  of  the  Coal-sack  region.  Instead  of 
being  a  completely  closed  space,  it  is  seen  to  be  open  on 
the  south  side,  and  very  numerous  small  stars  are  seen  to 
be  scattered  over  three-fourths  of  its  area.  It  is  only  at 
its  northern  jiart  that  there  is  the  absolute  absence  of  stars 
so  frequently  referred  to  by  Mr.  Proctor. 


jSToticrs  of  Boofes. 


The  Flii/aical  Properties  of  Gaxex.  By  Arthur  L.  Kim- 
uALL,  of  Johns  Hopkins  University.  (William  Heinemann, 
London.  1890.)  Professor  Kimball's  book  will  be  wel- 
comed as  giving,  in  simple,  untechnical  language,  and  in 
a  manner  easily  to  be  comprehended  by  the  non-mathe- 
matical section  of  the  community,  the  reasoning  by  which 
physicifts  have  been  led  from  the  properties  of  gases  as 
they  were  discovered  by  experiment  to  the  present  gene- 
rally accepted  kinetic  theory  of  their  constitution.  After 
having  given  in  brief  outline  a  historj'  of  the  discovery  of 
some  of  the  more  important  gases  and  their  behaviour 
under  pressure  and  expansion  by  heat,  Prof.  Kimball 
deals  with  the  easily  condensable  vapours,  and  the  gases 
which  do  not  obey  Boyle's  law.  He  then  treats  of  air- 
pumps  and  diffusion  and  occlusion.  .\vagadro's  law 
that  equal  volumes  of  all  gases,  under  tlie  same  con- 
ditions of  temperature  and  pressure,  contain  the  same 
number  of  molecules,  is  illustrated  and  explained  in  a 
manner  that  must  make  it  clear  to  the  most  obtuse. 
Crookes's  experiments  with  high  vacua  and  radiant 
matter  are  also  well  explained  and  illustrated.  It 
is,  perliaps,  a  pity  that  Prof.  Kimball  does  not  go  a 
little  further  and  show,  as  he  might  have  done  in  an  ele- 
mentary manner,  how  the  average  velocity  of  the  molecules 
of  a  gas  may  be  determined  from  its  density  when  the 
pressure  which  it  exerts  at  a  known  temperature  is 
measured,  and   how    the  number   of  molecules   may   be 
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estimated  from  experiments  on  the  diffusion  and  ^^scosity 
of  gases.  One  of  the  most  striking  illustrations  in  the 
book  is  given  in  the  chapter  describing  Sprengel  pumps 
and  high  vacua.  He  says,  "  These  high  exhaustions  are 
called  by  coui-tesy  vacua,  as  they  are  the  nearest  approaches 
that  physicists  have  been  able  to  make  to  an  absolute 
vacuum  by  the  most  refined  methods  known  to  science  ; 
and  yet  we  should  hardly  call  that  space  a  vacuum  in 
every  cubic  inch  of  which  there  are  350  million  million 
molecules  of  the  gas  ;  and,  according  to  the  latest  con- 
clusions of  the  molecular  theory,  that  is  about  the  number 
in  a  cubic  inch  of  air  when  it  is  reduced  to  one-millionth 
of  the  atmospheric  pressure.  To  form  some  conception 
of  the  vastness  of  this  number,  we  may  consider  that  if, 
through  the  side  of  a  little  glass  bulb  of  one  cubic  inch 
capacity  that  had  been  exhausted  to  this  extreme  degree, 
a  hole  were  to  be  made  through  which  a  million  molecules 
could  enter  in  every  second,  it  would  take  ten  years  for 
the  pressure  inside  the  bulb  to  be  doubled ;  that  is,  for  as 
many  more  molecules  to  pass  through  as  those  already 
contained  in  the  bulb."  Unfortunately,  the  book  does  not 
contain  an  index. 

Tlifi  Crimiudl.  By  Havelock  Ellis.  (Walter  Scott, 
1890.)  During  the  last  fifteen  years  the  study  of  criminal 
anthropology  has  been  carried  on  with  great  activity,  and 
the  rich  harvest  of  facts  which  has  already  been  collected 
is  likely  to  lead  to  valuable  conclusions,  which  may  pro- 
bably in  the  future  enable  us  to  deal  more  wisely  with  the 
criminal  residuum  that  will  always  exist  m  a  civilised 
society,  in  spite  of  school  boards  aud  free  libraries  and  the 
other  panaceas  of  certain  theorists  and  philanthropists 
which  are  constantly  proclaimed,  like  the  patent  medi- 
cines of  the  advertising  quack,  as  a  cure  for  all  ills,  social 
and  political.  The  sentimentalist,  who  generally  sympa- 
thises so  much  more  with  the  notorious  criminal  than  with 
his  poor  neighbour  or  relation,  wiU  be  surprised  to  read 
what  Mr.  Havelock  Elhs  says  about  the  physical  sensi- 
bility of  the  criminal  classes.  He  instances  the  wide  pre- 
valence of  tattooing  among  them,  fi'equently  of  the  most 
sensitive  parts,  which  are  rarely  tattooed  amongst  bar- 
barous races,  as  showing  the  deficient  sensibility  of 
criminals  to  pain.  Lauvergne  mentions  a  convict  who 
smiled  with  pleasure  when,  moxas  having  been  applied  to 
him,  he  saw  his  skin  bm-niug  and  heard  it  crack.  Though 
loud  in  their  complaints  of  trivial  ailments,  thej-  are  often 
unconscious  of  severe  Ulness.  At  Chatham,  in  1888,  a 
prisoner  dropped  down  dead  on  returning  from  labom- ; 
both  lungs  were  foimd  to  be  affected,  and  death  was 
probably  due  to  syncope.  He  had  made  no  complaints  to 
anyone.  Prisoners  will  inflict  severe  injuries  on  them- 
selves in  order  to  gain  some  trifling  object.  At  Chatham 
in  1871-72,  811  voluntary  wounds  or  contusions  are 
recorded ;  27  prisoners  voluntarily  fractured  a  hmb  ;  and 
17  of  them  had  to  submit  to  amputation ;  62  tried  to 
mutilate  themselves,  and  101  produced  woimds  by  means 
of  corrosive  substances. 


BIRDS  AND   BERRIES. 

By  the  Kev.  Alex.  S.  Wilsox,  M.A.,  B.Sc. 

NATURAL  History  furnishes  many  curious  illus- 
trations of  the  mutual  relationships  subsisting 
between  the  animal  and  vegetable  kingdoms. 
Of  these  we  have  remarkable  examples  in  the 
weU-known  adajstations  of  flowers  to  the  visits 
of  insects.  It  is  of  the  highest  importance  to  a  plant  to 
have   its    seeds  properly   crossed,    and  this   involves  the 


transference  of  pollen  from  one  flower  to  another  of  the 
same  species.  Insects  frequenting  flowers  get  dusted 
with  this  substance  ;  they  carry  it  with  them  to  other 
flowers,  where  some  of  it  adheres  to  the  stigma  prepared 
for  its  reception.  The  honey  is  not  provided  merely  to 
gratify  the  bees,  but  as  an  inducement  to  them  to  visit 
the  flowers  and  effect  their  fertilisation.  A  flower,  in  fact, 
is  httle  more  than  an  apparatus  for  securing  cross-fertili- 
sation. The  scent  and  colour  serve  to  guide  the  insects, 
while  the  shape  of  the  flower  is  generally  such  that  the 
bee  cannot  reach  the  honey  without  effecting  the  object 
for  which  it  has  been  attracted. 

Insects  are  not,  however,  the  only  animals  to  which 
plants  are  thus  related.  A  considerable  number  of 
flowers  appear  to  be  adapted  to  birds  rather  than  to 
insects.  Humming-birds  in  America,  sun-birds  in  Afiica 
and  India,  the  Malayan  lories,  and  the  Australian  honey- 
eaters,  visit  flowers  and  efiect  cross-fertilisation  very 
much  as  butterflies  and  bees  do  in  Europe.  The  bird- 
fertilised  class  includes  species  of  Fuchsia,  Passiflora, 
Salvia,  Abutilon,  Impatiens,  Lobelia,  Marcgravia,  Ery- 
thrina,  and  Cassia.  Ornithophilous,  or  bird -fertilised, 
flowers  are  generally  of  large  size,  tubular  in  form,  and 
secrete  abundant  nectar.  Their  colours  are  extremely 
brilliant,  scarlet  being  perhaps  the  most  frequent. 
Flowers  of  this  description  are  rarely  produced  by  her- 
baceous plants  ;  they  occur,  as  a  rule,  only  on  shrubs  and 
trees. 

Birds  are  employed  to  carry  seeds  much  more  frequently 
than  for  the  transport  of  pollen ;  these  bird-fertilised 
flowers  have,  however,  a  special  interest  as  throwing  light 
on  the  relations  between  birds  and  coloured  fruits. 

Fruits  and  seeds  constitute  a  large  proportion  of  the 
food  of  many  animals  ;  but  if  any  animal  were  systematic- 
ally to  consume  the  seeds  of  a  particular  plant,  the  latter 
would  run  no  small  risk  of  extermination.  To  the  animal 
itself  this  would  be  a  serious  misfortune  if  thereby  it 
were  deprived  of  its  usual  food.  In  the  interest  of  the 
plant,  as  well  as  of  the  animal  supported  by  it,  some 
limitation  to  the  consumption  of  seeds  is  necessary. 
Hence  many  plants  conceal  their  seeds  ;  in  other  cases 
these  are  obscurely  colom-ed  or  encased  in  hard  shells  in 
order  that  at  least  some  of  them  may  escape  being  de- 
voured. Other  plants  have  been  able  to  avail  themselves 
of  the  services  of  animals,  and  can  thus  reimburse  them- 
selves for  the  loss  they  occasion.  In  some  parts  of  Africa 
visited  by  the  late  Dr.  Livingstone  the  grasses  of  the 
pastures  frequented  by  herds  of  antelopes  had  their  seeds 
adapted  for  dispersion  by  these  animals.  This  arrange- 
ment is  a  mutual  benefit,  for  in  disseminating  the  seeds 
of  the  grass  the  antelopes  imconsciously  provide  for  their 
own  futm-e.  The  same  thing  may  be  said  of  birds  which 
feed  on  berries  and  other  succulent  fruits.  These  are 
useful  to  plants  in  scattering  their  seeds,  and  in  return 
they  receive  the  soft,  sweet  pulp  of  the  fruit,  with  the 
prospective  advantage  of  a  future  crop  from  their  own 
sowing.  In  plants  which  employ  birds  for  then-  dis- 
persion the  adaptation  is  seen  in  the  succulence,  sweet 
taste,  and  bright  colour  of  the  fruit ;  and  in  the  hardness, 
bitter  taste,  and  emetic  or  purgative  properties  of  the 
seed.  There  are  two  perfectly  distinct  objects  to  be 
secured  ;  the  attraction  of  the  birds,  and  the  protection  of 
the  seeds.  Hence  the  succulent  portion  is  not  as  a  rule 
the  seed  itself,  but  some  part  of  the  pericarp  or  wall 
of  the  fruit.  Berries  have  the  pericarp  entirely  succu- 
lent, the  hard  seeds  being  embedded  in  pulp.  Drupes,  or 
stone-fruits  like  the  cherry,  have  only  the  outer  layers 
of  the  pericarp  soft ;  the  inner  wall  of  the  fruit,  called 
the  endocarp,  is  indm-ated,  and  forms  the  stone  enclosing 
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the  seed  or  kernel.  Where  the  seed  is  so  protected,  it 
may  itself  be  comparatively  soft.  The  pomegranate  and 
gooseberry  are  exceptional  in  this  respect,  that  the  testa, 
or  outer  layer  of  the  seed,  is  developed  in  a  succulent 
manner,  the  central  core  of  the  seed  being,  however,  hard. 
The  strawberry  has  the  top  of  the  flower-stalk  very  much 
enlarged  ;  the  edible  portion  is,  in  fact,  formed  from  the 
thalamus  (or  spreading  portion  of  the  stalk  from  which 
the  flower  springs),  the  fruits  being  the  little  yellow  seed- 
like bodies  studded  over  its  surface.  The  raspberry  and 
bramble,  on  the  other  hand,  have  a  dry,  conical  thalamus, 
on  which  are  arranged  a  number  of  drupes  corresponding 
in  structure  to  the  plum  and  cherry.  In  the  mulberry  the 
succulent  portion  is  furnished  by  the  calyx,  and  in  the 
apple  and  fig  the  hollow  receptacle,  or  flower-stalk,  supplies 
the  food  material.  From  the  small  size  of  the  seeds  of 
berries  we  may  infer  that  they  are  adapted  to  be  swallowed 
along  with  the  pulp.  In  the  larger  drupes  the  size  of  the 
stones  and  their  rough  or  jaggy  exteriors,  as  seen  in  the 
peach-stone,  seem  to  indicate  that  the  intention  here  is  to 
induce  the  bu'd  to  fly  to  a  distance  with  the  fruit,  and 
after  devouring  the  soft  portion,  to  drop  the  hard  endocarp 
containing  the  seed.  Where  a  fruit  is  not  intended  to  be 
eaten  it  invariably  acquires  a  hard  and  dry  character. 

Fruits  adapted  to  birds  are  for  the  most  part  sweetly 
tasted.  They  contam,  in  addition  to  sugar,  organic  acids 
and  essential  oils,  which  confer  an  agreeable  or  even 
delicious  flavour  to  the  fruit,  and  constitute  an  attraction 
to  birds  as  powerful  as  the  nectar  of  flowers  is  to  insects. 
If  these  quaUties  appeared  too  soon  there  would  be  a 
danger  of  the  seeds  being  removed  before  they  were  ripe. 
Accordingly  the  fruit  remains  sour  until  the  seeds  are 
matured. 

Succulent  fruits  are  brightly  coloured,  to  be  easily 
recognised  from  a  distance.  Conspicuousness  may  be 
increased,  as  in  the  clusters  of  the  grape,  rowan,  and  elder- 
berry, by  the  massing  together  of  the  single  fruits  in 
groups,  just  as  happens  in  composite  and  other  flowers 
where  the  florets  are  crowded  on  a  contracted  inflorescence. 
The  colour  of  the  fruit  in  general  presents  a  strong  con- 
trast to  the  foliage.  If  the  fruit  remain  on  the  tree  after 
its  leaves  have  fallen,  its  colour  will  challenge  attention  all 
the  more  as  the  season  advances.  The  scarlet  fruits  of 
the  wild  rose  thus  remain  on  the  bare  branches  and  pre- 
sent a  most  conspicuous  appearance.  When  the  ground  is 
covered  with  snow,  coloured  berries  form  prominent  objects 
in  the  country  landscape.  Artists  frequently  avail  them- 
selves of  this  contrast,  and  introduce  into  snow  scenes  a 
sprig  of  holly  with  its  scarlet  berries.  When  Zeuxis 
painted  the  picture  that  deceived  the  birds,  he  may  have 
taken  advantage  of  this  contrast ;  but  perhaps  it  was  left 
for  Father  Christmas  to  reveal  to  us  how  perfectly  the 
colours  of  fruits  serve  the  purpose  intended  by  nature. 

The  list  of  plants  bearing  coloured  fruits  includes  the 
following,  which  are  British  : — berberry,  bittersweet, 
spindle-tree,  strawberry,  rose,  hawthorn,  currant,  rowan, 
dogwood,  honeysuckle,  whortleberry,  cranberry,  bearberry, 
holly,  daphne,  arum,  asparagus,  lily  of  the  valley,  yew, 
alder,  sloe,  bramble,  elder,  bilberry,  crowberry,  juniper, 
misletoe,  and  snowberry  ;  besides  these,  may  be  mentioned 
the  orange,  tomato,  fig,  date,  olive,  and  mango.  The 
colours  of  fruits  arc  less  varied  than  those  of  flowers. 
Possibly  this  may  arise  from  the  circumstance  that  wliile 
it  is  of  importance,  as  regards  fertilisation,  that  insects 
should  be  able  to  recognise  and  distinguish  dirtereut  species 
of  flowers,  there  is  no  necessity  for  birds  to  distinguish 
difl'erent  fruits,  or  to  conliue  themselves  to  one  kind  of  fruit, 
as  insects  restrict  themselves  for  a  time  to  one  species  of 
flower.    Although  never  variegated  like  flowers,  nuinv  fruits 


under  cultivation  exhibit  a  twofold  colouration ;  thus  we 
have  red  and  green  gooseberries,  purple  and  green  grapes, 
red  and  white  strawberries  and  currants,  green  and  purple 
plums,  &c. 

[To  he  contimu'd.) 


VARIABLE  STARS  OF  THE  ALGOL  TYPE. 

By  Miss  A.  M.  Clerke,  AiUlivr  of  ".1  Popular  History 
oj  A.itronoini/  durini/  the  Xinett-'ent/i  Century"  and 
"  Tlw  System  of  the  Stars." 

TEN  stars  of  the  Algol  type  are  now  known — ten 
stars,  that  is  to  say,  which  vary  in  light  not  so 
much  physically  as  geometrically,  through  the 
accident  of  our  point  of  view.  They  are,  to  begin 
with,  very  rapid  binaries ;  but  other  binaries 
equally  rapid  shine  with  sensible  constancy.  It  is  only 
when  the  orbits  of  the  revolving  stars  lie  so  nearly  edge- 
wise to  the  earth  as  to  involve  mutual  occultations,  that 
the  peculiarity  of  a  sudden  loss  of  light  at  brief  intervals 
is  added  to  the  peculiarity  of  composition  into  abnormaUy 
close  systems.  This  has  been  spectroscopically  demon- 
strated as  regards  Algol ;  and  the  other  members  of  the 
class  copy  its  phases  with  such  fidelity  as  to  leave  no  doubt 
that  they  too  are  genuine  "  eclipse  stars."  To  argue  the 
point  would  be  to  enfoneer  une  porte  ourertc. 

But  this  is  not  all.  There  are  residual  phenomena  not 
amenable  to  explanation,  simply  by  the  recurring  transits 
of  a  semi-obscure  mass.  Eclipses  beyond  question  in  all 
cases  occur,  and  produce  their  due  efi'ects  ;  yet  compUcated 
with  others  owning  a  different  origin.  Slight  as  these 
often  are,  their  investigation  offers  perhaps  the  most 
promising  clue  to  the  labyrinth  of  stellar  ///ii/.v/(V(/  varia- 
bility. For  their  evident  connection  with  certain  calculable 
phenomena  of  eclipse  defines  clearly  the  conditions  under 
which  they  occur,  and  strongly  suggests  their  origin 
through  some  form  of  mutual  influence  by  closely  re- 
vohing  bodies,  demonstrably  of  low  average  density.  More- 
over, the  residual  variations  of  Algol  stars  are  of  a 
nature  tending  to  bridge  the  gap  separating  them  fi-om 
other  variables.  That  is  to  say,  the  irregularities  of 
light-change  in  the  two  orders  show  a  very  ciuious 
inverted  correspondence,  as  if  the  same  causes  which 
produce  darkening  in  the  one  set  of  objects  produce 
brightening  in  the  other.  This  unlooked-for  circumstance 
can  scarcely  fail  to  become  the  guide  to  some  important 
truth. 

For  eliciting  it,  however,  observations  both  more  de- 
tailed and  better  assured  than  those  yet  obtained  are 
urgently  needed  ;  and  it  seems  unhkely  that  they  will  be 
available  until  in  this,  as  ah'eady  in  so  many  other  de- 
partments of  astronomy,  the  retina  is  superseded  by  the 
sensitive  plate.  The  eye  is  nowhere  more  subject  to 
illusion  than  in  following  the  course  of  rapid  liuninous 
fluctuations  ;  and  its  disabilities  are  not  removed  by  any 
kind  of  auxiliary  apparatus.  Its  very  powers  of  adapta- 
tion, indispensable  to  it  as  a  living  organ,  serve  to  impair 
its  usefulness  as  a  photometer.  The  stars,  then,  must 
register  their  own  changes,  and  the  method  of  photo- 
graphic trails  appears  eminently  suitable  for  the  purpose  of 
inducing  them  to  do  so.  Professor  Pickering  has  shown 
that  comparative  measures  of  different  stars  made  in  this 
way  are  reliable  to  about  one-tenth  of  a  magnitude  ;  and 
discriminations  based  upon  the  varying  width  and  in- 
tensity of  successive  sections  of  the  same  trail  might  be 
expected  to  reach  a  still  higher  grade  of  precision.  Some 
practical  ditliculties  would  certainly  have  to  be  met,  but 
probably  none  that  would  prove  insuperable.  Thus,  an 
arrangemoiit  might  be  contrived  lor  automatically,  at  fixed 
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intervals,  moving  the  telescope  in  right  ascension  by  the 

width  of  its  own  field,  while  the  plate  was  simultaneously 
shifted  ^O"  or  30"  in  declination.  A  series  of  parallel 
trails  would  result,  exhibiting  with  absolute  fidelity  the 
gradations  of  loss  or  gain  of  light  by  which  an  Algol  star 
traversed  a  critical  stage  of  its  minimum.  Although  ex- 
posures covering  the  whole  of  any  one  minimum  could 
rarely  be  obtained,  the  comparison  of  trail-pictures  of 
various  sections  of  successive  minima  would  be  almost 
equally  instructive.  The  realization  of  this  plan  would 
seem  to  be  of  considerable  importance  for  the  study  of 
variable  stars,  and  may  safely  be  left  to  the  ingenuity  of 
celestial  photographers. 

The  eclipse-theory  of  stellar  Ught-ehange  possesses  little 
elasticity.  Its  explanatory  powers  are  well  defined,  and 
incapable  of  extension.  In  the  first  place,  the  progress  of 
the  variations  which  it  can  account  for  must  be  along  a 
smooth  curve.  There  can  be  no  stoppages  or  interrup- 
tions. Again,  the  amount  of  change  must  be  invariable. 
High  and  low  minima  might,  indeed,  very  well  alternate 
in  the  same  star,  although  they  have  not  yet  been  found 
to  do  so ;  but  capricious  deviations  from  the  assigned 
measure  of  obscuration  are  inadmissible.  They  seem, 
nevertheless,  occasionally  to  occur.  S  Cancri  and  U 
Ophiuchi  have  each  been  once  observed  to  lose  far  more 
than  the  usual  proportion  of  their  light ;  and  M.  Duner 
recorded,  at  Upsala,  November  2-5  and  December  7,  1890, 
two  abortive  minima  (as  they  might  be  called)  of  Y  Cygni, 
when  the  star  dropped  to  the  extent  of  scarcely  five, 
instead  of  eight  tenths  of  a  magnitude.* 

Besides  these  anomalies  in  the  measure,  there  are 
anomalies  in  the  mode  of  change,  which  are  equally  per- 
plexing and  more  persistent.  The  curves  graphically 
representing  it  are  unsymmetrical  in  at  least  seven  of  the 
Algol  stars.!  Their  light,  in  other  words,  varies  at  a  dif- 
ferent rate  before  and  after  minimum.  This  is  obviously 
incompatible  with  the  progress  of  an  eclipse  by  a  body 
mo\lng  in  an  approximately  circular  orbit.  And  marked 
ellipticities  are  impossible  (as  Professor  Pickering  long 
ago  pointed  out  in  the  case  of  Algol)  where  the  conjoined 
stars  are  in  such  proximity  as  to  leave  no  room  for  con- 
siderable oscillations  about  a  mean  distance  already 
perilously  small. 

But  indeed  no  amount  of  eccentricity  in  the  paths  tra- 
versed could  satisfactorily  account  for  the  observed  pecu- 
liarity. To  begin  with,  the  retardation  does  not  advance 
continuously  ;  in  three  or  four  of  the  stars  a  pause  is  indi- 
cated, followed  by  a  resumption  of  progress.  Moreover, 
the  observed  irregularities  are  of  an  invariable  type  ;  they 
take  the  form  of  a  delay  in  recovery  after  minimum.      It 

*  The  exceptional  minima  of  all  these  three  stars  have  been  re- 
corded on  excellent  authority.  TJ  Ophiuchi  is  No.  G,  1G2  of  Schjel- 
lerup's  Copenhagen  Catalogue,  and  was  suspected  by  him  of 
variability,  on  tile  ground  of  his  careful  observation  of  it,  June  9, 
1863,  as  of  7'7  magnitude,  while  Lalande  had  put  it  at  G,  Bessel  at 
7  magnitude.  The  regular  course  of  change  of  the  star,  since  ascer- 
tained by  Mr.  Sawyer,  is  from  G'O  to  G-7  magnitude  once  in  every  20'3 
hours.  Of  S  Cancri  the  usual  range  is  from  8-2  to  9 '8  magnitude. 
Nevertheless,  Schmidt  observed  it  at  Athens,  April  14,  1882,  to 
remain  stationary  for  a  whole  hour  at  11-7  magnitude  (Aslr.  Nach., 
No.  2,491^.  In  his  determinations  of  Y  Cygni,  Duner  used 
Ch.andler's  comparison-star  /),  of  7-8  magnitude  in  the  Durch- 
musteruny,  and  exempt  from  any  suspicion  of  change.  At  all  the 
minima  oi)served  by  Chandler  and  Yendell.  T  Cygni  sank  decidedly 
lower  than  this  star ;  but  on  the  two  occasions  mentioned  in  the  text 
Dunc'r  found  it  to  remain  two  steps  (about  one-fifth  of  a  magnitude) 
brighter,  and  concluded,  on  apparently  strong  evidence,  its  phases  to 
be  inconstant  {Astr.  Nach.  No.  3,011). 

t  These  are:  Algol,  S  Cancri,  8  Libnc,  X  Tauri,  U  Cephei, 
U  Ophiuchi,  and  U  Coronac.  S  Antli.-c  will  probably  be  added  to 
the  list ;  and  we  are  unacquainted  with  particulars  as  to  the  phases 
of  Y  Cygni  and  R  Canis  Majoris. 


is  always  the  ascending  branch  of  the  curve  which  is 
lengthened.;  In  order  to  explain  this  remarkable  circum- 
stance on  gravitational  principles,  we  should  need  the 
wholly  unwarrantable  assumption  that  nil  the  stars  in 
question  passed  periastron  before  falling  under  ecUpse. 
Such  a  concurrence  of  coincidences  is  of  course  highly 
improbable. 

Look,  besides,  at  the  minimum  curve  of  U  Ophiuchi  de 
picted  in  Fig.  1,  from  the  mean  of  295  observations  by 
Mr.  Chandler. 

haq 
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Fig.  1. — MiNiMDM  of  U  Ophiuchi.     From  295  Observations  by 
Mr.  S.  C.  Chandler. 

The  singular  inflection  of  its  ascending  line  is  vouched 
for,  as  an  objective  reality,  by  the  independent  determina- 
tions of  Messrs.  Chandler  and  Sawyer  {Astninumk-al 
Journal,  No.  177),  and  often  appeared  more  conspicuous 
in  individual  phases  than  as  it  emerged  from  the  average 
of  many.  The  possibility  of  regarding  it  as  an  effect  of 
orbital  retardation  is  at  once  excluded  by  the  fact  that,  on 
the  whole,  there  is  no  delay.  Accelerated  progress  before 
and  after  the  pause  is  so  exactly  compensatory  that  the 
duration  of  recovery  just  equals  the  duration  of  decline, 
notwithstanding  irregularities  in  the  rate  of  one  as  com- 
pared with  the  rate  of  the  other. 

Here,  then,  evidently,  we  have  a  physical  cause  of 
obscuration  co-active  with  the  geometrical  one,  and  tra- 
velling in  its  train.  Conjectures  as  to  its  natiu-e  hence 
naturally  associate  themselves  with  the  enormous  tidal 
strains  necessarily  prevalent  in  systems  of  such  peculiar 
construction  as  those  of  Algol  and  its  congeners.  From 
these  extensive  deformations  of  figure  must  result  in  both 
members  of  each  revolving  pair  ;  but  the  effects  upon 
light-change  are  not  easily  unravelled,  and,  indeed,  depend 
to  some  extent  upon  what  we  know  nothing  about,  the 
mode  of  axial  rotation  of  the  stars  concerned.  On  this 
point  the  simplest,  and  perhaps  most  probable,  hypothesis 
is  that  they  have  none  relatively  to  each  other.  If  this 
be  so,  they  move  as  if  spitted  together  ;  there  is  no  tra- 
velling tidal  wave,  but  each  body  has  the  permanent  form 
of  an  elhpsoid  with  three  unequal  axes,  the  longest  cen- 
trally directed  towards  the  companion-star.  The  widest 
expanse  of  luminous  surface  would,  under  these  circum- 
stances, be  presented  to  our  vision  a  quarter  of  a  revolution 
before,  and  a  quarter  of  a  revolution  after  each  eclipse, 
when  slight  maxima  should  occur,  with  corresponding 
intermediate  minima.  And  the  matching  of  these  theo- 
retical by  actual  effects  in  X  Tauri,  and  perhaps  also  in 
Algol,  is  suggested  by  some  recent  observations  of  il. 
Plassmanu,   needing,   however,    to   be   confirmed    before 

J  Although  the  curve  of  U  Cephei  (.see  Fig.  2)  shows  a  slight 
pause  heforc  minimum,  the  whole  time  of  recovery  considerably 
exceeds  that  occupied  by  the  decline  in  light. 
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much  stress  can  be  laid  upon  them.  He,  too,  has  recourse 
in  a  general  way  to  the  tidal  rationale  ;  and — what  is  more 
siginificant — ranks  A.  Tauri  as  a  transition  instance  between 
Algol  and  (3  Lyra\  adding  the  remark  that  spectroscopic 
measures  of  its  radial  movements  may  help  to  elucidate 
the  still  imfathomed  mystery  of  "short-period"  varia- 
bility.    {Asti:  Nad,.,  No.'  3,016.) 

A  cause  tending  further  to  complicate  tidal  phenomena 
in  sun-like  bodies  has  been  adverted  to  by  Wr.  Eanyard. 
It  is  this.  A  photosphere  is  probably  a  region  of  con- 
densation, or  the  hottest  region  where  matter  can  exist  in 
a  non-gaseous  form.  Consequently  the  temperature  of 
the  photospheric  region  is  fixed.  It  may  be  regarded  as 
an  isothermal  surface  changing  its  level  with  local  varia- 
tions of  heat.  The  photospheres,  accordingly,  of  two 
adjacent  radiating  masses  should  bulge  out  somewhat,  one 
towards  the  other.  Deformations  arising  in  this  way  in 
the  Algol  stars  might  be  expected  to  become  sensible  to 
our  perception — if  at  all — after  a  similar  fashion  to  tidal 
deformations,  namely,  by  maxima  of  lustre  at  elongations, 
minima  at  conjunctions.* 

Neither  source  of  disturbance,  however,  connects  itself 
naturally  with  the  enigmatical  pause  in  recovery  charac- 
teristic of  this  class  of  variables.  And  the  late  M. 
Klinkerfues's  supposition  of  an  atmosisheric  tidal  wave 
following  in  the  wake  of  the   satellite,  and  bringing  about 

*  If  we  suppose  the  larger  star  to  have  given  birth  to  the  smaller 
eclipsing  star,  in  a  manner  similar  to  that  suggested  by  Prof.  Geo. 
Darwin  with  regard  to  the  birth  of  the  moon  from  the  earth,  we 
should  expect  to  find  the  larger  star  rotating  on  its  axis  faster  than 
the  smaller  star  completes  a  revolution  about  it:  and  the  longest 
axis  of  the  tidal  ellipsoid  would  also,  as  in  the  case  of  the  earth's  tides, 
travel  in  advance  of  the  line  joining  the  centres  of  the  two  stars. 
Thus  the  larger  star  would  present  its  minimum  area  before 
the  time  of  inferior  conjunction  or  central  eclipse.  O 

But  there  is   another  possible  cause    of    variation  in  the 
light  derived  from  the  eclipsed  star,    which  was  not   over- 
looked by  Prof.  E.  C.  Pickering  in  his  remarkable  paper  on         *'~* 
the  "  Dimensions  of  the  Fixed   Stars,   with   special  reference       ^ 
to  Binaries  of  the  Algol  type,"  published  in  the  Proceedini/s       .5P 
of  the  American  Academy,  Vol.  XVI.,  viz.  the  probable  de-        '" 
crease  of  the  brightness  of  the  discs   of  stars  towards  their        ^ 
edges.     Prof.    Pickering   says  :    '•  The  presence  of    lines  in        g 
stellar  spectra  leads  to  the  belief  that  the  stars,  like  our       j 
sun,    are  surrounded    by   an   absorbing   atmosphere.     They 
also,  therefore,  probably  resemble  it  in  presenting  a  disc  brighter  in 
the  centre  than  at  the  edges,  owing  to   the  greater  thickness  of  the 
atmosphere  and  consequent  greater  absorption  at  the  edges." 

Prof.  Pickering  seems  to  have  assumed  that  the  decrease  of 
brightness  would  be  similar  at  both  limbs,  but  with  an  egg-shaped 
star  with  the  longer  axis  inclined  to  the  line  of  sight  the  rate  of 
increase  of  thickness  of  the  absorbing  layers  would  bo  different  at 
the  two  limbs,  and,  under  the  conditions 
assumed  above,  we  should  have  the  decrease 
of  light  towards  the  preceding  limli  A  more 
rapid  than  towards  the  following  limb  B  ; 
consequently  the  light  of  the  larger  star 
would  recover  its  brightness  more  slowly 
just  after  central  eclipse  than  it  decreased 
before  central  eclipse. 

According  to  my  theory,  the  photosphere 
of  a  binary  star  would  be  intermediate  in  form  between  an  isothermal 
surface  and  a  surface  of  equilibrium,  for,  as  explained  in  a  former 
paper,  wo  cannot  suppose  the  photospheric  clouds  to  bo  floating  in  an 
atmosphere.  Tho  particles  must  bo  falling  under  the  action  of 
gravity  retarded  but  slightly,  if  at  all,  by  gaseous  friction,  such  as 
tliat  which  retards  the  fall  of  the  particles  composing  a  cloud  in  our 
atmosphere,  but  they  would  be  retarded  by  tho  backward  kicks  of 
molecules  evaporated  towards  the  heated  centre.  Such  falling 
pari  ides  would  bo  finally  evaporated  at  a  level  which  would  depemi 
on  the  temperature  of  the  region,  as  well  as  on  their  rate  of  falling  : 
and  since  tho  acceleration  of  gravity  would  be  similar  at  all  places 
on  a  surface  of  equilibrium,  and  tho  temperature  similar  at  all  places 
on  an  isothermal  surface,  we  should  expect  to  find  tho  falling  particles 
glowing  most  vividly  before  their  final  dissolution  in  a  stratum  which 
would  extend  around  tho  star  as  a  thin  shell  intermediate  in  form 
between  an  isothermal  surface  and  a  surface  of  equilibrium. — 
A.  C.  RANVAur>. 


partial  obscurations  through  increased  absorption,  receives 
no  countenance  from  the  spectroscope.  The  light  of  U 
Cephei,  it  is  true,  turns  ruddy  as  it  fades  ;  but  not,  it  may 
safely  be  asserted,  owing  to  this  cause.  The  variations 
of  its  spectrum  offer  a  tempting  and  hitherto  unexplored 
field  of  study.  Indeed,  the  star  has  of  late  in  every  way, 
especially  in  this  country,  been  too  much  neglected.  It  is 
remarkable  for  a  prolonged  minimum,  originally  explained 
by  Professor  Pickering  as  due  to  a  total  eclipse  by  a  large, 
semiobscm-e  satellite.  But  Mr.  Chandler's  observations 
showing  variations  of  about  two-tenths  of  a  magnitude 
during  the  supposed  totality,  seem  to  compel  recourse 
to  some  other  hypothesis,  if  not  to  replace,  at  any 
rate  to  supplement  the  first.  Two  periods  of  the 
star  being  nearly  equal  to  five  days,  only  every  second 
minimum  can  be  followed  at  the  same  season  of  the 
year.  Those  of  which  the  average  course  is  represented 
in  Fig.  2  occurred  in  the  autumn.  A  shorter  spring 
series  of  observations,  also  by  Mr.  Chandler,  giving 
almost  a  dead  level  of  least  light,  of  close  upon  two  hours' 
duration,  claimed  an  inferior  degree  of  authority  (Astyo- 
nomical  Jijiirnal,  No.  199).  There  is  probably  no  real 
distinction  in  character  between  the  alternating  phases. 
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Fig.  2. — Minimum  of  U  Cephei.     From  159  autumn  observations  bv 
Mr.  S.  C.  Chandler. 

The  vicinity  of  this  object  to  the  pole  renders  it  par- 
ticularly suitable  for  '•  trailing"  experiments,  which  might 
definitively  settle  the  interesting  question  as  to  the  true 
form  of  its  light-curve. 
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Fig.  3. — Provisional    MiNiMCM-CnEVE  op  S  Astli-e  (Yendell). 

Since  tidal  effects  grow,  ctrterix  ptirilms,  in  the  inverse 
proportion  of  the  cube  of  distance,  they  ought,  so  far  as 
they  intluence  luminosity,  to  be  most  apparent  in 
variables  of  the  shortest  periods,  since  those  are  proved 
by  the  proportionate  length  of  their  eclipses  to  be  made 
up  of  the  most  closely  contiguous  pairs.  But  there 
is  no  sign  that  the  subsidiary  changes  of  Algol  stars  obey 
any  such  law.  They  are  especially  striking  in  S  Cancri, 
with  its  relatively  long  period  of  nine  and  a  half  days. 
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They  are  only  doubtfully  traceable  in  S  Antlia?,  notwith- 
standing the  extreme  swiftness  of  its  revolutions.  Mr. 
Yendell's  provisional  light-curve  for  the  latter  star,  shown 
in  Figure  3,  regains  its  original  level  with  scarcely  percep- 
tible retardation.  Professor  Paul,  of  Washington,  the 
discoverer  of  this  stellar  prodigy,  refrains  for  the  present 
fi-om  pronouncing  upon  the  reality  of  its  suspected 
anomalies.  Indications  were,  however,  caught  by  him  of 
a  lagging  after  minimum,  in  the  manner  of  U  Ophiuchi 
and  S  Cancri,  and  he  also  records  his  impression  of  con- 
siderable inequalities  both  in  the  duration  and  intensity  of 
its  separate  phases,  a  long,  shallow  curve  occasionally 
replacing  an  undulation  of  wider  amplitude  and  quicker 
accomplishment,*  while  both  the  loss  and  the  gain  of 
brightness  appeared  to  i^roceed  by  accesses,  rather  than  by 
an  equable  flow  {Astronomical  Journal,  Nos.  21.5,  234). 

The  period  of  this  star  is  by  far  the  shortest  known, 
either  for  a  binary  or  a  variable.  According  to  Mr. 
Chandler,  it  retains  its  maximum  brightness  of  G'7  magni- 
tude during  4h.  30m.,  sinks  in  about  Ih.  40m.  to  7-3 
magnitude,  and  recovers  with  nearly  equal  rapidity  ;  the 
whole  period  being  of  7h.  46m.  48s.  (Astronomical  Journal, 
No.  218).  Mr.  Yendell's  determinations,  on  the  other 
hand,  assign  .5h.  10m.  to  the  phases ;  but  an  eclipse 
extending  over  more  than  half  the  period  of  revolution  is 
a  manifest  absurdity,  only  to  be  got  rid  of  by  doubling 
the  latter, t  and  assuming  the  occurrence  in  each  circuit  of 
two  mutual  eclipses  by  equally  bright  stars.  The  reduc- 
tion of  light  by  about  one-half  at  each  obscuration  renders 
this  a  plausible  expedient,  the  adoption  of  which  in  nature 
can  be  tested  by  spectrographic  means.  A  more  powerful 
telescope  than  that  at  present  in  use  at  Potsdam  would, 
however,  be  required  to  disclose  the  periodical  doubling  of 
spectral  lines  due  to  the  possibly  two-fold  origin  of  the 
light  we  receive  from  S  Antlise. 

A  system  is  at  any  rate  here  presented  to  our  considera- 
tion such  as  the  boldest  imagination  could  not  beforehand 
have  conceived.  Even  with  a  doubled  period,  the  occult- 
ing twin-suns  must  revolve  (if  the  data  suppHed  by  Mr. 
Yendell  be  accepted  without  modification)  in  so  narrow  an 
orbit  relatively  to  their  bulk,  that  the  distance  from  sur- 
face to  surface  amounts  to  no  more  than  yLt_  of  the  dis- 
tance from  centre  to  centre.  By  reducing  the  time  of 
light-change  in  accordance  with  Mr.  Chandler's  observa- 
tions, a  free  space  would  be  aflbrded  of  still  much  less 
than  half  the  orbital  span.  The  subsistence  of  such  an 
arrangement  cannot  easily  be  reconciled  with  known 
mechanical  laws  ;  yet  it  seems  undeniable. 


NOTES  FROM  CAMBRIDGE. 

■     By  E.  B.  Johnson. 
ANATOMY  IN  THE  OLDEN  DAYS. 

THE  turbulence  natural  to  medical  students  and 
the  popularity  of  Professors  Macalister  and 
Humphry  combined  to  transform  the  new  anato- 
mical lecture-room  into  a  scene  of  loul-voiced  and 
inspiriting  enthusiasm  at  Professor  Macalister's 
opening  lecture.  He  was  commemorating  the  comple- 
tion of  the  new  buildings  by  giving  a  resume  of  anato- 
mical teaching  in  Cambridge  from  the  days  of  the 
medieval  stwlium  ijcncralc  to  the  present  time  of  elaborate 
sub-division. 


•  The  well-known  correlation  of  short  with  sharp  sun-spot  maxima 
offers  a  curious  analogy  with  these  significant  indications.' 

t  As  suggested  by  Mr.  Backhouse  in  the  Oliservatmy  for  October 
1890.  " 


The  earliest  record  of  a  school  of  Physics  at  the 
University  is  in  1421,  but  the  first  definite  provision  for 
anatomical  teaching  was  made  by  John  Caius  somewhat 
later  in  the  same  century.  He  was  followed  by  W.  Hardy 
in  the  sixteenth  and  by  a  brilliant  galaxy  of  anatomists  in 
the  seventeenth  centuries,  of  whom  one  instructed  New- 
ton, and  another  tried  his  hand  at  writing  plays.  From 
the  time  of  Caius  we  were  intimately  connected  with  the 
Corporation  of  Surgeons  in  London,  who  sent  us  a  scholar 
receiving  £40  a  year  for  his  maintenance  and  £3  a  year  to 
provide  himself  with  books.  In  order  to  qualify  as  a  prac- 
titioner in  those  days  it  was  necessary  to  have  attended  three 
dissections  at  which  a  body  was  opened,  and  "  the  physicians 
present  discoursed  at  random  concerning  the  interior." 

The  first  separate  professorship  of  Anatomy  was  founded 
at  Cambridge  in  the  year  1707,  but  the  immediate  effect 
of  endowment  appears  to  have  been  a  cessation  of  all 
interest  in  the  subject.  It  was  the  time  of  the  Resurrec- 
tionists, however,  and  we  read  of  the  watchmen  being 
allowed  to  search  in  Emmanuel  for  a  missing  body.  This 
was  illegal,  be  it  remarked,  and  really  an  act  of  coercion, 
as  may  be  seen  from  the  following  tale.  A  giant  once 
died  in  Dublin,  thereby  exciting  the  desires  of  an  ana- 
tomical pirofessor  and  his  students,  to  whom  he  said : 
"  Gentlemen,  I  understand  that  your  feelings  are  excited 
towards  the  seizure  of  this  body,  against  which  I  must 
certainly  counsel  you.  But  in  case  your  zeal  should 
overcome  your  discretion,  I  will  tell  you  the  exact  case  of 
the  law,  which  is,  that  you  may  take  the  body,  but  that  for 
the  removal  of  the  least  rag  or  shred  of  covering  thereon 
you  may  be  hanged.  Therefore,  if  you  shmihl  remove  the 
body,  be  careful  that  it  is  utterly  unclothed."  Needless 
to  say,  that  Professor  was  given  the  opportimity  of 
experimenting  upon  that  giant. 

A  more  melancholy  anecdote  is  associated  with  the 
memory  of  our  own  Professor  Collignon,  who  once  invited 
two  friends  to  the  dissection  of  a  body,  in  which  one  of 
them  recognised  the  features  of  an  acquaintance.  It  was 
the  body  of  Lawrence  Steme,  "whose  final  return  to  his 
University  formed  a  tragic  ending  to  the  sentimental 
journey  of  his  life." 

Professor  Haviland  made  the  first  collection  of  anato- 
mical specimens,  while  the  first  museum  was  foimded  by 
his  successor  Professor  Clark,  who  raised  it  to  be  the  first 
in  the  world.  We  have  entered  upon  a  goodly  heritage, 
and,  in  the  stimulating  presence  of  Sir  George  Paget  and 
Sir  George  Humphry,  may  we  not  learn  to  penetrate 
yet  farther  into  those  regions  of  knowledge  where  the 
unknown  still  far  exceeds  the  known  ? 


ARTIFICIAL  COLD. 

By  Vaughan  Cornish,  B.Sc,  F.C.S. 

WITHIN  the  last  twelve  years  the  production  of 
artificial  cold  has  become  an  important  in- 
dustry. The  principle  of  the  methods 
employed  has  long  been  known,  but  it  is  only 
recently  that  the  great  practical  difficulties 
of  the  problem  have  been  overcome.  The  requisite  im- 
pulse was  given  by  the  need  of  finding  means  for  preserving 
meat  in  a  fresh  condition  during  its  passage  from  foreign 
countries.  For  such  purposes  as  this  the  freezing  machines 
of  Carrd,  w^hich  still  figure  in  the  ordinary  text-books  on 
Physics,  are  wholly  inadequate.  The  problem  was  first 
practically  solved  by  Coleman  by  the  construction  of  the 
Bell-Coleman  air  machine,  an  apparatus  so  well  thought 
out  and  perfected  that  in  its  first  trial  a  cargo  of  meat  of 
a  value  of  £8,000  was  transported  across  the  Atlantic  in  a 
perfectly  fresh   condition.     From  1879    the   industry    of 
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refrigeration  has  rapidly  increased  in  importance  as  new 
ajjplications  have  been  perceived,  and  as  further  improve- 
ments in  machinery  have  lieen  effected.  The  subject  has 
engaged  the  attention  of  many  able  engineers,  and  some 
three  hundred  jjatents  have  been  taken  out  in  connection 
with  it.  At  the  present  time  the  production  of  low  tem- 
peratures plays  an  important  part,  not  only  in  the  meat 
trade,  but  for  the  preservation  of  other  perishable  articles 
of  food,  as  fish,  eggs,  and  butter,  in  the  brewing  industry, 
and  in  the  production  of  ice.  New  applications  are  being 
found  every  day,  among  which  may  be  instanced  the 
preparation  of  preserved  fruits  and  similar  processes,  where 
crystallization  from  solution  has  to  be  effected.  The  im- 
portant problem  of  the  cooling  of  theatres  is  engaging 
attention  at  the  present  time,  and  will  no  doubt  soon 
receive  a  satisfactory  solution. 

The  principles  involved  in  refrigeration  present  many 
interesting  features  which  are  scarcely  touched  upon  in  the 
ordinary  works  on  heat.  For  the  production  of  hiifh 
temperatures  it  is  usual  to  employ  the  force  of  chemical 
affinity  ;  chemical  combination  in  the  process  of  combus- 
tion being  attended  with  an  evolution  of  heat.  On  the 
other  hand,  many  chemical  compounds  are  formed  with 
alisurption  of  heat ;  but  these  can  only  be  produced  in  an 
indirect  manner,  and  their  formation  cannot  be  employed 
for  the  production  of  low  temperatures. 

It  is  a  curious  circumstance  that  in  oixler  to  understand 
the  rationidc  of  the  refrigerating  process  it  is  necessary  to 
consider,  in  the  first  place,  the  means  of  attaining  high 
temperatures  and  the  working  of  heat  engines.  By  the 
burning  of  fuel  in  the  furnace  steam  is  produced  in  the 
boiler  of  a  steam-engine,  and  by  the  changes  of  volume  of 
the  irorkimi  xuhsttinci'  (steam)  a  portion  of  the  energy  of 
heat  is  transformed  into  mechanical  power.  In  other 
words,  the  energy  which  formerly  consisted  in  that  motion 
of  minute  particles  which  constitutes  heat,  is  in  the  steam- 
engine  converted  into  the  form  of  energy  which  consists 
in  the  motion  o[  a  large  mass  of  matter  (<'.//•  of  the  piston 
or  the  fly-wheel  of  the  engine).  Briefly,  in  heat  engines,  of 
which  steam-engines  form  one  class,  a  calorific  efi'ect  is 
converted  into  mechanical  power.  In  refrigerating 
machinery,  on  the  other  hand,  mechanical  power  is  so 
employed  as  to  yield  a  calorific  effect ;  but  in  this  case  the 
calorific  efiect  is  negatire,  and  the  final  result  is  the  pro- 
duction of  a  low  temperature.  The  refrigerating  machine 
is  not  in  itself  a  complete  apparatus,  since  it  requires  to 
be  diiirn  by  a  steam-engine.  In  order,  therefore,  to 
attain  logical  precision  in  our  view  of  the  process  of  the 
artificial  production  of  cold,  it  is  necessary  to  consider  as 
one  complete  system  the  combination  of  the  steam-engine 
and  the  freezing  machine.  In  this  dual  arrangement  we 
start  with  the  production  of  a  higli  temperature  in  a  fur- 
nace, and  finally  attain  a  very  low  temperature  in  the 
freezing  chamber. 

The  working  parts  of  the  freezing  machine  are  very 
similar  to  those  of  the  steam-engine.  In  both  tliero  is  a 
system  of  cylinders,  pistons,  and  valves,  and  a  working 
substance  which  undergoes  alternately  compression  and 
expansion.  In  the  Bell-Coleman  machines  the  working 
substance  is  air.  The  process  begins  with  the  compression 
of  air  by  the  stroke  of  a  piston  m  the  roiiijire.ssidii  ri/lindcr. 
The  power  which  drives  this  piston  is  obtained  directly 
from  the  piston  of  the  steam-engine.  The  compression 
cylinder  is  surrounded  by  a  jacket  in  which  cold  water 
constantly  circulates.  The  heat  generated  by  the  com- 
pression of  the  air  is  almost  entirely  taken  up  by  the  cold 
water.  Thus  we  obtain  air  very  little  above  the  ordinary 
temperature,  but  under  a  high  pressure.  When  the 
pressure  is  released  the  air  expands.     If  the  expansion  be 


allowed  to  take  place  into  a  vacuum,  then — as  Joule  first 
proved — no  change  of  temperatui-e  takes  place.  But  if 
the  expansion  takes  place  under  such  conditions  that 
mechanical  power  is  developed,  the  mechanical  work  is 
done  at  the  expense  of  the  heat  of  the  expanding  air, 
which  consequently  is  chilled.  This  is  what  actually  takes 
place  in  the  exjumxion  cylinder.  The  air,  in  expanding 
drives  a  piston  which  is  connected  with  the  cylinder  of  the 
steam-engine  in  such  a  way  that  it  aids  the  back  stroke 
of  the  piston  in  the  steam  cylinder.  Thus  the  frigorific 
efiect  is  obtained  in  the  refrigerating  machine  by  an  action 
wliich  lightens  the  work  of  the  driving  engine.  By  means 
of  this  expansion  the  air  is  readily  cooled  to  —  ■50'^  Fahr.,  or, 
if  desired,  to  a  still  lower  temperature.  It  was  here  that 
a  great  practical  chfficulty  came  in.  Atmospheric  air  con- 
tains water- vapour,  and  at  such  low  temperatures  this  was 
deposited  m  the  form  of  hoar-frost.  This  fi'ost  or  snow 
choked  the  valves  and  otherwise  hindered  the  working  of 
the  machine.  It  was  not  found  practicable  to  remove  the 
moisture  entirely  before  the  admission  of  the  ak  to  the 
machine  ;  and  till  the  invention  of  Mr.  Coleman  the  snow 
diflSculty  appeared  to  condemn  the  use  of  air  as  the  work- 
ing substance.  This  difficulty  was  overcome  by  the  device 
of  allowing  a  partial  expansion  of  the  air  before  it  entered 
the  expansion  cylinder.  This  preliminary  partial  expan- 
sion is  effected  in  sloping  tubes  placed  in  the  reft-igerating 
chamber  itself.  Under  these  conditions,  the  aqueous 
vapour  deposits  not  as  snow  but  in  a  mist  or  ram,  and  the 
moisture  is  run  oft'  by  suitable  taps  placed  at  the  bottom 
of  the  sloping  tubes.  The  air  thus  freed  from  moistm-e 
enters  the  expansion  cylinder  to  undergo  the  second  and 
greater  expansion  by  which  the  principal  part  of  the 
frigorific  efi'ect  is  obtained. 

The  cold  air  fi-eezing  machines  are  those  employed  on 
board  ship  for  the  transport  of  meat  from  Australia,  New 
Zealand,  and  America,  The  meat  is  placed  in  large 
chambers,  the  walls  of  which  are  double,  the  interspace 
being  filled  with  wood  charcoal  as  a  non-conducting 
material.  A  jet  of  intensely  cold  air  is  delivered  into  the 
chamber  at  each  stroke  of  the  piston  of  the  expansion 
cylinder,  and  the  temperature  of  the  chamber  is  thus  kept 
at  or  near  the  freezing  point  during  the  whole  voyage. 

There  is  another  important  class  of  freezing  machines, 
of  which  the  ammonia  machines  are  the  most  important 
type.  In  this  second  class  the  working  substance  is  not 
a  permanent  gas  such  as  air,  but  a  substance  (such  as 
ammonia)  capable  of  being  condensed  to  a  liquid  by  pres- 
sure, even  at  the  ordinary  temperature  of  the  atmosphere. 
In  these  machines  the  frigorific  effect  is  due  in  the  first 
place  to  the  heat  absorbed  by  the  vaporization  of  the 
liquefied  substance  ;  and  secondly,  as  in  the  air  machines, 
to  expansion  of  the  vapour,  ^'olume  for  volume,  the 
working  substance  exercises  a  much  greater  cooling  effect 
in  the  ammonia  machines  than  in  the  air  machines. 
Consequently  the  machinery  is  more  compact  and  more 
economical  of  fuel.  Au  important  point  of  difterence 
between  these  two  types  is  that  whereas  the  air  machines 
work  with  an  oiien  ci/clc,  drawing  in  a  fresh  supply  of 
material  at  each  stroke  of  the  piston,  the  ammonia  ma- 
chines work  in  cloned  ci/clc,  the  same  working  material 
going  through  the  same  round  of  changes  over  and  over 
again.  It  will  readily  be  perceived  that  this  circumstance 
necessitates  very  different  arrangements  in  the  freezing 
chamber  to  those  which  have  been  described  above,  where 
the  working  substance  itself  is  delivered  from  the  machine 
and  is  the  direct  cooling  agent.  The  refrigerating  cham- 
ber connected  with  an  ammonia  machine  is  generally 
cooled  by  the  circulation  of  a  cold  liquid  in  pipes,  on  a 
system  similar  to  that  employed  in  heating  by  means  of 
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hot-water  pipes.  The  liquid  is  some  sohition  having  a 
very  low  freezing-point,  such  as  a  solution  of  calcium 
chloride  in  water,  hriiw  being  the  term  generally  applied 
to  such  solutions. 

In  the  ammonia  machines  a  special  cylinder  for  expan- 
sion is  not  required,  the  expansion  being  allowed  to  take 
place  in  long  coils  of  tubing,  which  are  placed  in  a  bath 
in  which  the  brine  is  kept  circulating.  From  this  bath 
the  cold  brine  is  driven  by  pumps  through  the  system  of 
tubes.  An  important  advantage  possessed  by  the  ammonia 
machines  is  the  fact  that  there  is  no  moisture  to  be  re- 
moved, and  their  construction  is  in  consequence  con- 
siderably simplified.  Except  on  board  ship  they  have 
undoubtedly  an  advantage  over  the  air  machines,  and  are 
coming  daily  into  more  general  use.  For  marine  ijistalla- 
tinns — to  use  the  trade  term — the  air  machines  are  still 
preferred,  owing  principally  to  the  fact  that  in  case  of 
accident  the  working  substance  could  not  be  removed  in 
the  case  of  ammonia,  the  escape  of  which,  owing  to  an 
accident  in  rough  weather,  would,  moreover,  be  highly 
inconvenient. 

An  interesting  application  of  cooling  by  means  of  brine 
has  lately  been  made  in  mines.  One  of  the  greatest 
difficulties  which  can  occur  in  the  operation  of  sinking  a 
shaft  is  that  presented  by  a  stratum  of  sand  saturated 
with  water.  In  more  than  one  case  this  difficulty  has 
been  overcome  by  freezing  the  sand  and  water  into  a  firm 
mass  and  then  continuing  the  sinking  operations  as  if  the 
material  were  solid  rock.  The  shaft  ha\dng  been  simk  to 
the  upper  surface  of  the  quicksand,  a  number  of  small 
bore-holes  are  made  to  the  bottom  of  the  stratum,  and  in 
these  are  placed  tubes  closed  at  the  bottom,  through 
which  cold  brine  is  circulated  from  a  tank  at  the  surface, 
which  is  cooled  by  an  ammonia  machine.  In  the  course 
of  a  few  days  the  quicksand  is  frozen  to  a  solid  mass,  and 
the  boring  can  be  proceeded  with.  It  will  thus  be  seen 
that  the  production  of  artificial  cold  is  an  industry  which, 
though  still  in  its  infancy,  has  already  attained  considerable 
importance.  It  appears  likely  that  the  next  ten  years 
may  see  a  development  scarcely  less  rapid  than  that  of  the 
last  decade. 


Bv  W.  Montagu  Gattie,  B.A.Oxon. 
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HE  following  is  an  elementary  explanation  of  the 
play  of  the  hand  published  in  the  February 
number  of  Knowxedge.  For  convenience  of 
reference,  the  distribution  of  the  cards  is  here 
repeated. 

D.— Kg.,  5,  3,  2. 

C— 0,  8.  2, 

H.— 10,  7,  4,  2. 

S.— 10,  H. 


D.— 8,  7,  i. 

C— Ace,  G,  5,  8. 
H.— Kn.,  '.),  C,  5. 

S.— 6,  2. 


Z  turns  up 

g  the  King  of  j^ 

Diamonds. 


I).— Ace,  Qn.,  9. 
C.-Qu.,  Kn.,7,4. 
H.— Kg.,  8,  3. 
S.— Kg.,  Qn.,  5. 


1).— Ku.,  10,  6, 
C— Kg.,  10. 
H. — Ace,  Qn. 
S.— Ace,  Kn.,  9,  7,  4,  3. 
Trick  1. — A   opens  his  longest  suit,  and,  having  four 
only,  leads  the  lowest ;    Y,  holding  king   and    another. 


passes  the  trick  ;  V>  plays  his  highest  card,  and  Z  his 
lowest. 

Trirk  2. — B,  by  opening  with  a  small  heart,  shows  his 
partner  four  at  least  of  that  suit.  He  might  return  a 
club  ;  but  this  would  not  be  quite  prudent,  and  would 
also  be  likely  to  mislead  A,  inasmuch  as  the  immediate 
return  of  a  partner's  suit  is  usually  interpreted  as  a  re- 
quest for  a  third  round  on  which  to  make  a  small  trump. 
Z  plays  his  lowest  heart,  and  A  his  highest ;  and  Y  of 
course  wins  the  trick  with  his  ace. 

Trick  3. — Guided  by  considerations  which  have  been 
explained  already,  Y  leads  a  trump,  and,  having  three  only, 
opens  with  the  highest,  so  as  to  assist  his  partner  {who 
has  turned  up  the  king)  as  much  as  possible.  Z  gathers 
that  Y  has  not  more  than  three  trumps  ;  for  he  would 
not  lead  knave  from  a  long  suit  unless  he  held  the  four 
honours,  or  king,  queen,  knave,  and  two  others,  and  both 
these  cases  are  precluded  by  Z's  holding  the  king.  Z 
therefore  finesses  the  knave,  and  at  the  same  time  takes 
occasion  to  commence  an  "  echo  "  to  the  trump  lead  by 
playing  the  three  instead  of  the  deuce.  When  the  deuce 
falls  at  trick  5,  four  trumps  at  least  are  marked  in  Z's 
hand. 

Trick  4. — A  continues  with  the  queen  of  clubs  in  order 
to  clear  the  suit.  He  knows  that  (unless  the  ten  of  clubs 
was  the  beginning  of  a  call  for  trumps )  Y  has  either  the 
king  single  or  no  more  ;  but  in  the  latter  case  Y  would 
pass  a  small  card  led  (for,  B  having  played  ace  on  the 
first  round,  the  king  must  then  be  with  Z),  and  Z  might 
win  with  a  small  card,  retaining  the  command  of  the  suit. 
B's  three  of  clubs  shows  that  A  led  from  four  cards  ori- 
ginally ;  for,  the  deuce  having  fallen  already,  the  four 
must  have  been  A's  lowest  club,  and,  with  five  of  the  suit, 
he  would  have  led  the  lowest  but  one.  Z  plays  his  lowest 
card,  and,  as  this  is  the  eight,  it  follows  that  the  only 
other  club  he  can  hold  is  the  nine  (the  knave,  of  course, 
being  marked  in  A's  hand). 

Trick  5. — Y  continues  with  his  next  best  trump,  Z 
completes  his  "  echo,"  and  the  ten  draws  the  ace  from  A. 

Trick  6. — A  is  reluctant  to  enable  Y  to  make  a  small 
trump  on  the  clubs,  and  therefore  returns  the  hearts. 
Holding  two  only,  he  returns  the  higher,  and,  as  B  and 
Z  play  sis  and  four  respectively,  Y  concludes  that  the 
three  is  in  A's  hand.  He  notices  also  that  B,  who  led  the 
five  at  trick  2,  now  plays  the  six,  and  therefore  can  only 
have  had  four  hearts  originally  ;  so  that,  as  A  can  have 
but  one  (the  three),  Z  must  hold  the  other  two. 

Trick  7. — After  this  third  round  of  trumps,  Y  counts 
the  hands,  from  inferences  already  drawn,  thus  : — Z's 
"  echo  "  at  tricks  3  and  5  has  shown  that  he  has  the  long 
trump  ;  he  has  two  hearts,  from  trick  6  ;  and  not  more 
than  one  club,  fi-om  trick  4.  Therefore  he  must  have  at 
least  two  spades.  A  has  the  knave  of  clubs  and  one  other 
(tricks  1  and  4),  and  the  three  of  hearts  ;  therefore  he 
must  have  three  spades.  There  remain  for  B  two  hearts, 
and  either  two  clubs  and  two  spades,  or  three  clubs 
and  one  spade,  according  as  Z  has  the  nine  of  clubs  or 
not. 

Trick  8.- — Z's  proper  lead  is  obvious  enough.  It  would 
be  fatal  to  lead  up  to  Y's  tenacc  in  hearts,  and  he  cannot 
do  better  than  give  his  partner  the  best  spade  he  has.  A, 
holding  king,  queen,  naturally  puts  on  the  queen  to  draw 
the  ace  and  make  his  king  good ;  but,  looking  at  the  great 
strength  in  spades  declared  in  Y's  hand,  it  would  probably 
be  better  play  to  pass  the  ten,  and  that  course  would  cer- 
tainly save  the  game,  whether  Y  jiiiesscd  or  not.  A's  play, 
however,  is  quite  orthodox.  Y's  couji  has  already  been 
fully  explained.  Its  merit  consists  in  his  seeing  that,  ex- 
cept in   the  improbable  case  of  Z's  holding  the  best  and 
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second-best  hearts,  the  game  cannot  be  won,  and  may  be 
lost,  if  Z  has  the  lead  after  becoming  exhausted  in  spades. 
It  should  also  be  noticed  that,  while  B  and  Z  know  per- 
fectly well  how  the  hearts  are  divided,  A  and  Y  are  in  the 
dark  on  this  point.  It  is  this  uncertainty  which  deters  A 
from  leading  a  heart  at  trick  10,  although  he  would 
thereby  not  only  save  but  win  the  game,  if  B  should  be 
found  with  the  best  and  second-best  hearts.  The  maxim 
"  Simplify  the  game  as  much  as  possible  for  your  partner," 
has  a  scarcely  less  important  correlative,  "  Place  your 
opponent,  whenever  possible,  in  a  difficulty."  Y  achieves 
both  purposes  in  this  instance  by  foregoing  a  single  trick. 


Ctjcss  (JToIumn. 

By  C.  D.  Locock,   B.A.CJxon. 

Pboblkm  bt  T.   Tavern  ek. 

Black  i7  picrcs). 


White  (10  pieces). 
White  to  play,  and  mate  in  two  moves. 

The  above  beautiful  problem  is  taken  from  the  Liverpool  Wei  Lly 
Mercury. 

For  the  benefit  of  any  who  may  find  it  too  diiBoult,  the  following 
puzzle  is  given  as  an  easier  task. 

Intending  solvers  need  not  be  dismayed  by  its  length :  it  is  only 
necessary  to  go  straight  ahead.  There  are  no  v.ariations,  all  Black's 
moves  being  forced. 

Dedivitled  to  Wordsicort/i  Douis/horpe,  C/uimjjivn  Stale-mater 
of  the  World. 


»..sj 


^ 


^ 


White  (10  pieces). 
White  to  play,  and  .itale-mate  /i/.s-  own  King  in  fifteen  moves. 

CllKSS  FALL.XCIKS. 
I.  (Legal)  That  it  is  unlawful  for  a  player  to  Castle  on  the  (,^>ueen's 
side  when  his  tilt  square  andQKt  siiuare  are  commanded  by  opposing 
pieces.     This  is  a  delusion    under    which   many  fairly  experiouood 


players  are  known  to  labour.     The  law  merely  says  that  the  King  in 
castling  must  not  do  so  from,  over,  or  ioto  check. 

II.  That  a  Rook  and  Knight  are  stronger  than  two  Bishops.  Many 
games  have  been  lost  through  this  fallacy.  If  the  position  is  an 
open  one  with  Queens  on  the  board,  the  two  Bishops  if  favourably 
posted  will  often  win. 

III.  That  the  Queen  is  worth  two  Rooks  and  a  Pawn.  On  the 
contrary,  it  can  be  proved  that,  when  there  are  no  other  pieces  on  the 
board,  two  Rooks  are  nearly  worth  a  Queen  and  Pawn.  For,  pro- 
vided the  K  be  secure  from  perpetual  check,  the  two  Rooks  can 
double  to  attack  the  weakest  Pawn,  which  can  only  be  defended  by 
the  King  and  Queen.  The  two  Rooks  can  then  be  exchanged  for  the 
Queen  and  Pawn. 

IV.  That  P  to  R3  is  a  harmless  "  waiting  "  move.  As  a  matter  of 
fact,  there  is  no  such  thing  as  a  harmless  waiting  move  in  the  earlier 
part  of  the  game.  The  move  P  to  KR3  is  doubly  disadvantageous. 
In  the  first  place,  the  Pawn  becomes  a  mark  for  the  opponent's 
Queen's  Bishop.  And  secondly,  it  makes  it  inadvisable  afterwards  to 
move  the  KBP,  on  account  of  the  "  hole  "  created  at  KKt3 

V.  The  disadvantage  of  P  to  QR3  is  a  somewhat  subtle  one.  Sup- 
pose, for  example,  the  moves  1.  P  to  K4,  P  to  K4  :  2.  Kt  to  KB3, 
Kt  to  QB3 :  3.  B  to  B  I,  B  to  B4  ;  4.  P  to  B3,  Kt  to  B3  ;  5.  P  to  Q3. 
Black  now  makes  the  "waiting"  move  PtoQR3?  White  replies 
G.  B  to  K3.  In  positions  of  this  sort,  if  the  QRP  were  unmoved, 
Black  would  now  retire  the  Bishop  to  Kt3.  For  if  White  exchanges. 
Black  gets  .in  open  Rook's  file.  But  in  the  present  case,  if  he  play 
B  to  Kt3,  White  exchanges  with  advantage.  Or  if  he  retire  to  K2, 
White  gains  two  moves  by  taking  it.  leaving  either  the  Kt  or  the  R 
out  of  play.  Black,  therefore,  is  compelled  either  to  exchange,  and 
present  White  with  an  open  KB  file  for  his  KR,  or  to  play  P  to  Q3, 
leaving  White  to  exchange  when  it  suits  him.. 

CHESS  INTELLIGENCE. 
The  Steinitz-Gunsberg  match  ended  in  a  victory  for  Steinitz  by  C 
games  to  i.  with  no  less  than  9  draws.  The  large  proportion  of 
drawn  games  seems  to  indicate  a  harder  fight  than  the  Steinitz- 
Tschigorin  match  of  1889,  which  the  former  won  by  10  games  to 
6,  with  only  2  draws.  On  the  whole,  however  the  result  of  the 
match  is  a  confirmation  of  previous  form,  as  shown  in  the  recent 
drawn  match  between  Tschigorin  and  Gansbcrg.  It  is  pos- 
sible that  Mr.  i^teinitz  might  have  won  both  matches,  had  he 
chosen,  by  a  somewhat  larger  majority.  His  invariable  habit  of 
adopting  unsound  defences  undoubtedly  caused  the  loss  of  several 
games  in  both  matches.  At  the  same  time,  it  should  be  remembered 
that  the  intrinsic  badness  of  his  novelties  is  to  a  certain  e.'iteut 
balanced  by  his  greater  familiarity  with  them.  For  these  novelties 
are  not  played  on  the  spur  of  the  moment.  On  the  contrary,  they 
have  generally  been  in  Mr.  Steinitz's  note-book  for  many  months 
before  the  match  begins. 

The  Steinitz-Tschigorin  Correspondence  games  have  now  been 
resumed. 

The  following  moves  have  been  made  since  the  publication  of  the 
Diagram  in  the  January  number : — 


White  (Tschigorin), 

18.  B  to  R3 

19.  QR  to  Qsq 

20.  B  to  B4 

21.  Kt  to  Q5 


Evans  Gambit." 

Black  (Steinitz). 
P  to  QB4 
Kt  to  B3 
B  toB3 

Present  Position. 

Ul-ACK. 
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'  Two  Knights'  Defence." 


White  (Steiiiitz'. 
19.  B  to  Kt2 
20    Q  to  B2 
21.   K  to  Bsq 


Black  (Tschiporiii\ 
PtoBo 
QxP 
PtoBG 


Present  Posilii 
Black. 
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Mr.  Gimsberg  is  expected  to  return  before  the  end  of  February, 
but  not  in  time  to  edit  the  Chess  Column  for  JIarch. 

There  are  rumours  of  a  match  between  Mr.  Steinitz  and  Dr. 
Tarrasch  of  Xuremberg,  who  won  the  last  two  International  Tourna- 
ments without  losing  a  single  game  in  either.  The  German  amateur 
has  signified  his  willingness  to  plav;  but  it  takes  two  to  make  a 
match,  and  Jlr.  Steinitz's  consent  is  not  always  easy  to  obtain.  Con- 
siderable self-denial  in  the  matter  of  terms  is  essential  on  the  part  of 
anyone  who  wishes  to  be  his  opponent. 

The  match  would  be  interesting  as  a  contest  between  master  and 
pupil ;  for  Dr.  Tarrasch  is  an  exponent  of  that  "  modern  school  "  of 
which  Mr.  Steinitz  claims  to  be  the  founder.  On  that  very  account 
it  is  probable  that,  if  the  younger  player  should  lose  the  match,  he 
would  be  defeated  by  a  more  decisive  majority  of  games  than  players 
of  the  opposite  school,  such  as  Tschigorin  and  Gunsberg,  who  attack 
Mr.  Steinitz  sometimes  in  a  style  of  which  he  strongly  disapproves, 
instead  of  waiting  to  be  slowly  attacked  themselves,  in  accordance 
with  Mr.  Steinitz's  principles. 

'I'he  following  game,  played  in  the  Manchester  International 
Tournament  of  last  year,  is  given,  for  want  of  a  better,  as  a  specimen 
of  Dr.  Tarrasch's  style. 


'  RuY  Lopez.' 


White  (C.  D.  Locock). 

1.  P  to  K4 

2.  Kt  to  KB3 

3.  B  to  Kto 

4.  B  to  R4 

5.  B  to  Kt3 
G.  P  to  Q4 

7.  Castles  (c) 

8.  KtxP 

9.  P  to  QB3 

10.  PxKt 

11.  R  to  Ksq  (/•) 

12.  P  to  QKt+  !  (</) 

13.  Kt  to  Kt3  (k) 

14.  QKt  to  Q2 

15.  Kt  to  B3 

16.  Kt  to  R4  (j) 

17.  P  to  KB4 

18.  B  to  Q2  (A) 

19.  B  to  K3  (/) 

20.  Kt  to  Q2 

21.  Q  to  Kt4 

22.  Q  to  R3  (m) 

23.  Kt  (Q'2)  to  B3 

24.  QR  to  Qsq 

25.  PxP 

26.  Q  to  Kt3 

27.  B  to  Bsq 


Black  (Dr.  Tarrasch). 

1.  PtoK4 

2.  Kt  to  QB3 

3.  P  to  QR3 

4.  P  to  QKt4  l^a) 

5.  B  to  Kt2 

6.  PxP  (4) 

7.  P  to  KKt3  (rf) 

8.  Kt  to  R4  (e) 

9.  KtxB 

10.  B  to  Kt2 

11.  Kt  toK2 

12.  P  to  Q3 

13.  Kt  to  B3 

14.  Castles 

15.  Q  to  Bsq   (t) 

16.  Q  to  K3 

17.  KR  to  Ksq 

18.  Q  to  Bo  ! 

19.  QxKP 

20.  QtoK2 

21.  P  to  KB4 
2'2.   B  to  B3 

23.  Q  to  Kt2 

24.  PtoQR4  (n) 

25.  KtxP 

26.  Kt  to  Bo 

27.  B  to  K5  ! 


White  iC.  D.  Locock). 

28.  Kt  to  Q4 

29.  Kt  (R4)  to  B3 
.30.  PxP 

31.  Kt  to  K2  (o) 

32.  R  to  Q5 
33. 


Black  (Dr.  Tarrasch). 

28.  P  to  Kt5 ! 

29.  PxP 

30.  P  to  B4 

31.  B  to  B7 

32.  Q  to  B2 


Notes. 


(a)  An  obsolete  and  not  very  satisfactory  defence,  revived  probably 
■with  the  view  of  getting  "  out  of  the  books." 

(i)  Best.  Mr.  Steinitz  recommends  here  6.  .  .  .  Kt  x  P,  over- 
looking the  winning  reply  7.  B  x  P  ch  !  K  x  B  ;  8.  Kt  x  Pch,  K  to  K3  ; 
9.  QxKt,  P  to  B4  ;  10.  Q  to  B3,  and  if  10.  ...  P  to  Kt5,  11.  Q  to 
KKt3,  with  a  strong  attack  whether  Black  take  the  KP  or  not.  If, 
for  instance,  11.  ...   B  to  Q3,  White  wins  by  Q  to  Kt4  ch: 

(o)  Better  than  retaking  the  Pawn  immediately. 

((/)  The  result  of  twenty  minutes'  consideration,  and  very  likely 
therefore  the  best  move.  If  7.  ...  Kt  to  B3,  8.  PK5  ;  while"7.  .  . ". 
B  to  B4  (or  B  to  K-2)  would  be  met  by  8.    P   to    QB3   with    the 


(e)  Dr.  Tarrasch  afterwards  thought  that  8.  ...  B  to  Kt2  at 
once  would  be  better.  White's  reply  would  have  been  P  to  QB3, 
providing  a  loop-hole  for  the  escape  of  his  Bishop. 

(./")  To  prevent  PQ4. 

(g)  The  best  move,  creating  two  "holes"  at  Black's  QR4  and 
QB4,  which  he  will  be  able  to  command  still  further  by  a  Knight  at 
QKt3. 

(h)  White  now  proceeds  to  do  in  four  moves  what  he  could  do 
perhaps  equally  well  in  two.  He  might  plav  the  other  Knight  to 
Q2  and  Kt3.  For  after  13.  QKt  to  Q2.  B  x  Kt";  14.  P  x  B,  Kt  to  B3  : 
15.  Kt  toKt3,KtxP  ;  16.  Ktto  Ro,  followed  by  P  to  y5,  threatening  to 
win  a  piece  by  Qto  Q4,  the  position  is  probably  worth  the  Pawn,  and 
with  Bishops  of  opposite  colours  there  should  be  no  danger  of  losing. 

(i)  Black's  development  is  still  difficult.  If  15.  ...  Q  to  Q2, 
White  might  reply  16.  Kt  to  B5. 

O)  To  prevent  P  to  KB4.  Dr.  Tarrasch  thought  that  White 
could  have  maintained  his  advantage  by  16.  KKt  toQ4,  KtxKt; 
17.  PxKt.  considering  the  open  QB  file  more  than  an  equivalent  for 
the  isolated  Pawns.  Black,  however,  has  two  Bishops,  and  might 
continue  with  P  to  KB4. 

(/.■)  A  bad  move,  of  which  Black  takes  immediate  advantage. 
Kt  to  KB3  would  be  better.  For  if  then  19.  .  .  .  Q  to  B5,  20.  Kt 
(Kt3)  to  Q2,  and  the  Q  cannot  play  to  Q6,  on  account  of  the  reply 
K  to  B2. 

(I)  Having  no  way  of  saving  the  Pawn  (Q  to  B2  would  lose  the 
QKtP)  White  compels  his  opponent  to  take  it  with  the  Queen. 

(m)  Q  to  Kt3  would  be  better,  so  as  to  be  able  to  play  P  to  KR4. 

(n)  Having  secured  himself  from  all  attack.  Black  now  proceeds 
to  finish  off  the  game  in  the  most  expeditious  manner. 

(o)  The  only  more  not  to  lose  the  Knight. 
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A  SEED,  AND  WHAT  IT  CONTAINS. 

By  .J.  Pentland  Smith,  M.A.,  B.Sc,  &c.,  Lciturer  on 
Botany,  etc.,  Horticultural   Collerje,  Swanleij. 

A  SEED  has  from  time  immemorial  been  taken 
as  the  symbol  of  reproductive  power.  To 
explain  adequately  what  are  the  significations  of 
its  dift'ereut  parts,  we  must  first  occupy  ourselves 
with  a  preliminary  developmental  sketch,  and 
will  commence  with  a  description  of  the  method  of  re- 
production of  Axpidiuiii  jili.c  mas,  the  Male  Shield  Fern, 
one  of  that  large  group  of  plants  called  Vascular  Crypto- 
gams. Its  life-history  has  previously  been  discussed  in  this 
Magazine.  At  present  we  will  only  touch  on  those  parts 
of  its  structure  which  immediately  concern  us. 

Brown  patches  may  at  times  be  noticed  on  the  backs 
of  its  leaves.  These  are  collections  of  spore-bearing  sacs, 
or  sporangia,  that  are  covered  over  by  a  growth  of  the 
leaf  termed  the  indusium  (Fig.  I.  a.).  The  contained 
spores  are  all  alike.  They  are  minute  single-celled 
bodies  filled  with  protoplasm  and  nourishing  material. 
The  sporangia  rupture  when  ripe,  and  the  spores  fall  to 
the  ground.  There  they  germinate  if  the  conditions  are 
favourable,  and  the  product  of  germination  is  a  small 
green  plate  of  tissue,  about  one-sixteentli  of  an  inch  in 
length  and  breadth,  and  shaped  as  seen  in  the  diagram 
(Fig.  I.  t>.).  It  is  called  the  prothallus.  On  its  under 
surface  are   two  kinds  of  organs,  which  are  of  great  im- 


portance in  the  life-history  of  this  fern.  These  are  the 
archegonia  (Fig.  I.  h.,  arch.,  and  rf.),  or  female  organs,  and 
the  antheridia,  or  male  organs  (Fig.  I.  h.,  an.,  and  c). 
The  archegonia  are  flask-shaped.  The  base  of  the 
flask,  which  is  embedded  in  the  prothallus,  contains  an 
egg  or  ovum,  the  female  reproductive  cell.     The  anthe- 


fhrxoL 


Fig.  I. — a.  Transverse  section  of  leaf  of  a  Fern  (As/iidiuui  filix 
7nas),  showing  sporangia.  /'.  Under  surface  of  prothallus ;  arrh., 
archegonia  ;  an.,  antheridia.  c.  Longitudinal  section  of  antheridiam 
(much  magnified).     (I.  Ditto  of  arohegonium. 

ridia  are  globular  in  form.  Each  one  contains  numerous 
lively  specks  of  protoplasm  (irpoiros  first,  and  7rAao-/u,a  form, 
the  linng  part  of  the  plant-cell,  by  whose  activity  the 
plant  is  built  up),  which  move  about  with  great  agiUty 
when  the  antheridia  burst.  They  then  make  their  way 
(if  moisture  be  present)  to  the  neck  of  the  archegonium  ; 
one  of  them  enters  it,  and  pierces  the  ovum.  Thus 
impregnation  is  eftected." 

The  result  of  fertilization  is  a  fern-plant  that  during 
its  early  period  of  existence  sends  out  an  organ  called  a 
foot  into  the  tissue  of  the  prothallus,  to  absorb  therefrom 
the  food-material  that  the  plant  is  as  yet  tmable  to  obtain 
independently  for  itself.  In  the  meantime  it  sends  roots 
into  the  soil  and  a  stem  into  the  air,  and  when  the  pro- 
thallus is  exhausted,  it  is  ready  to  commence  life  on  its 
own  account. 

In  Etjukctuw,  the  Horse-tail,  an  ally  of  the  fern,  the 
proces.=es  are  essentially  similar,  but  the  male  and  female 
organs  (the  antheridia  and  archegonia)  are  borne  on 
separate  prothalli,  although  the  spores  from  which  these 
arise  are  all  alike. 

In  a  higher  branch  of  Vascular  Cryptogams  differen- 
tiation of  male  and  female  is  carried  back  a  further  stage, 
for  two  kinds  of  spores  are  here  produced.  Sclugimlhi,  so 
common  in  our  greenhouses,  may  be  selected  as  a  typical 


•  Prothalli  are  often  found  growing  in  the  crannies  of  the  wall  of 
a  greenhouse  in  which  ferns  have  been  standing,  but  the  non-possessors 
of  a  greenhouse  can  easily  procure  prothalli  by  sowing  spores  in  a 
pot  of  light  soil,  carefully  watering  them,  and  covering  the  pot  with  a 
bell-jar.  The  length  of  time  the  spores  take  to  germinate  depends 
on  the  species  of  fern  from  which  they  have  been  derived.  Suppose 
that  a  prothallus  has  been  found,  that  the  little  root-hairs  on  the 
under  surface  have  been  freed  from  particles  of  soil  by  careful 
manipulation  under  water  with  a  camel-hair  brush,  and  that  it  has 
been  mounted  in  water  on  a  glass  slide,  under-side  uppermost,  and 
covered  with  a  cover-slip.  It  is  now  ready  for  examination  under  the 
high  power  of  a  microscope.  By  gentle  pressure  of  the  cover-slip 
the  spermatozoids  may  he  ejected  from  the  antheridia.  and  m.iy  be 
seen  wriggling  through  the  water. 
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example.  The  male  spores  are  much  smaller  than  the 
female  ;  hence  thi'ir  respective  names,  microspores  and 
macrospores  (/ttxpos  small,  /xuxpos  large).  The  sporangia 
which  contain  these  are  termed  microsporangia  and 
macrosporangia  respectively  (Fig.  II.  n.).  When  the 
macrospore  (iim.  sp.)  germinates,  the  protluillus  does  not 
come  out  of  the  spore,  but  remains  as  a  mass  of  tissue, 
witliout  green  colouring-matter  inside  it,  and  in  addition 
there  is  a  nourishing  material  called  endosperm,  which 
later  on  becomes  divided  up  to  form  a  tissue  of  cells  (Fig. 
II.  /).).  The  male  prothallus  also  remains  inside  the 
microspore.  It  consists  of  only  one  cell,  and  has  no 
chlorophyll.  A  peculiar  organ,  termed  the  suspensor, 
develops  from  the  fertilised  egg,  as  well  as  the  true 
embryo  plant.     It  pushes  the  embryo  into  the  endosperm, 


avckeojpnxo. 


Fig.  II. — a.  Longitudinal  section  of  apex  of  sporangium  bearing 
shooi  oi  Sclac/ijiel/a;  sp.,  developing  sporangia  ;  iiii.  .'c/j. ,  microspores ; 
7iia.sj}.,  macrospores.  0.  Diagrammatic  section  of  germinating  ma- 
crospore.    c.  Ditto  of  archegonium  (much  magnified.) 

so  that  it  may  feed  on  it.  It  is  noteworthy  that  the 
gi-owth  of  the  embryo  takes  place  iiimle  the  spore,  not 
outside,  as  in  the  two  former  cases. 

The  cone  of  I'iniis  (e.g.  Pinns  si/lvestris,  the  Scots  Fir), 
is  a  collection  of  leaves  that  have  become  modified  to  bear 
ovules,  which  afterwards  are  termed  seeds.  The  ovule  is 
a  macrosporangium  which,  however,  differs  from  that  of 
SelagineUa  in  that  it  possesses  a  covering  or  integument 
(Fig.  III.  /(.,  //(.).  The  whole  of  the  interior  of  the  ovule  is 
occupied  by  the  prothallus.  The  male  spore  is  familiarly 
spoken  of  as  the  pollen-grain,  and  the  microsporangia  as 
the  anther-lobes  or  pollen-sacs  ;  they  are  borne  on  the 
under  surface  of  the  stamens  (Fig.  III.  a.,  st.,  p.)  The 
pollen-grain  is  provided  with  two  bladders  or  floats,  and 
is  carried  by  the  wind  to  the  ovules  which  lie  exposed  on 
the  upper  surface  of  the  carpels  or  modified  leaves  on 
which  they  arise.  The  integument  does  not  quite  enclose 
the  ovule,  but  leaves  a  small  aperture,  the  niicropyle 
(fjiiKfxii  small,  and  ttuXt;  a  gate)  for  the  reception  of  the 
pollen-grain.  There  the  microspore  (pollen-grain)  enters 
and  rests  on  the  surface  of  the  macrosporangium,  germi- 
nates, and  sends  a  tube  (Fig.  III.  c.  d.,f.;  and  /-.,  p.)  into 
the  microspore,  where  it  comes  into  contact  with  the  ovum, 
in  one  of  the  archegonia  developed  in  the  prothallus. 

There  is  no  endosperm  in  Pinus,  as  in  SelagineUa,  but 
the  important  points  to  be  noted  are  that  not  only  does 
the  embryo  develop  inside  the  macrospore,  but  the  macro- 
spore  remains  inside  the  macrosporangium  that  is  still 
attached  to  the  parent  plant,  from  which  it  derives  suste- 
nance ;  for  after  the  developing  embryo  has  used  up  all  the 


nourishment  in  the  prothallus,  fresh  nutriment  is  poured 
into  the  macrospore  from  that  source. 

When  the  tube  of  the  pollen-grain,  which  we  may  com- 
pare to  an  autheridium,  touches  an  ovum  in  one  of  the 
archegonia,  it  sends  part,  at  least,  of  its  contents  into  it. 
As  a  result  the  ovum  divides  up  to  form  a  young  plant 
(Fig.  III.  c),  that  is  provided  with  a  long  suspensor. 
The  embryo  is  so  placed  that  its  root  lies  towards  the 
micropyle.  The  mature  ovule  (macrosporangium)  with 
its  coat  is  the  ■■urd,  and  the  collection  of  seed-bearing 
leaves  which  we  find  form  what  is  commonly  called  a 
flower. 

The  Angiosperms  iayytiov  a  vessel,  and  a-Ktpp.a  a  seed) 
are  so  called  from  the  fact  that  their  seeds  are  enclosed 
by  the  leaves  (carpels)  on  which  they  are  borne  ;  and  in 
this  they  ditier  markedly  from  the  Gymno- 
sperms  lyu/ni'os  naked),  such  as  the  Pine,  in 
which  these  are  quite  exposed.  The  majority 
of  our  familiar  garden  shrubs  and  forest  trees 
belong  to  the  large  group  of  Angiosperms. 
A  carpel  may  bear  one  or  many  ovules,  which 
later  on  develop  into  seeds,  and  the  carpel . 
itself  undergoes,  as  a  rule,  a  characteristic 
change  to  form  what  we  know  as  the  fruit. 
The  pollen-grains  are  found  in  sacs  (anther- 
lobes  or  pollen-sacs)"  situated  on  the  upper 
portions  of  the  stamens. 

They  are  very  similar  to  those  of  the  Pine  ; 
but  instead  of  having  balloons  they  often  possess 
warts  or  prominences  by  means  of  which  they 
may  adhere  to  the  various  animals  that  carry 
them  to  the  stigmas  of  the  carpels  on  which 
they  must  alight  in  order  that  they  may  be  in 
a  position  to  accomplish  their  role  in  life. 

^^'e  have  reserved  until  this  stage  a  minute 
examination  of  the  macrosporangium,  or  ovule — the  organ 
that  is  of  such  vital  importance  in  connection  with  the  repro- 
duction of  the  plant ;  the  reason  being  that  it  is  best  to  take 
for  this  purpose  familiar  examples  such  as  may  be  easily 
procured  by  anyone  desirous  of  making  the  examination  of 


Fig.  III. — a.  Diagrammatic  longitudinal  section  of  male  cone  of 
Pinus  (Scots  Fir)  Only  two  of  the  pollen-sacs  are  represented  con- 
taining pollen-grains  (microspores),  p.  ;  St.,  stamen,  with  pollen-sac 
on  under  surface,  h.  Ditto  of  ovule  of  Pinus  ;  ;;.,  pollen-grain  germi- 
nation ;  Hi.,  micropyle;  in.,  integument  (coat)  of  macro-sporangium 
(oTule);  sp.,  WctII  of  macrosporangium.  r.  Pollen-grain;  _/'.,  cell 
■which  will  develop  into  pollen-tube  d.  The  same,  wit^h  cell  (/")  de- 
veloped as  pollen-tube.  c.  Diagrammatic  representation  of  develop- 
ing egg ;  there  ought,  in  reality,  tc  be  four  embrj^os  figured  arising 
from  these  ovules. 

the  object  for  himself.  These  are  best  found  in  the  butter- 
cups and  daisies,  the  hyacinths  and  lilies  of  our  fields, 
woods,  and  waysides.  In  all  these  cases  the  ovule  is  con- 
tamed  within  the  carpel  or  carpels,  and  the  pollen -grain 

*  See  article  on  "  Some  Curious  Modifications  to  Prevent  Self- 
fertilization." — Kxowi.KDGE,  Feb.  18fll. 
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can  only  effect  an  entrance  to  it  by  way  of  a  tube  fin 
many  cases)  in  the  style  which  opens  to  the  exterior,  in  the 
stigma,  and  communicates  below  with  the  cavity  of  the 
ovary  or  o\iile-containing  portion  of  the  carpel.  The 
ovule  is  built  up  on  the  same  plan  as  that  of  the  Pino,  but 
instead  of  being  furnished  with  one  integument,  it  has 
two,  both  of  which  completely  enclose  it  with  the  excep- 
tion of  an  aperture,  the  micropyle,  so  that  the  pollen-tube 
may  be  enabled  to  reach  the  macrospore.  Fig.  IV.  a.  shows 
a  vertical  section  of  an  ovule  of  the  Hyacinth  (SrUht  nutiinx) 
as  it  appears  before  fertilization  ;  on  the  outside  are  seen 
the  integuments,  enclosing  the  wall  of  the  macrosporau- 
gium.  The  part  by  which  it  is  attached  to  the  carpel  is 
called  the  stalk,  or  funiculus  (./'. )  ;  m.  is  the  micropyle. 
The  macrospore  is  known  as  the  embryo-sac  ;  towards  its 
micropyle  end  lie  the  ovum  {<n\)  and  two  cells,  synergidoe, 
(.sy«. ;  (Tvv  with,  and  Ipyov  work),  which  are  thought  to 
represent  an  archegonium,  as  they  guide  the  pollen-tube 
to  the  ovum.  At  the  opposite  end  there  are  three  cells 
{(int.),  termed  the  antipodal  cells.  They  represent  the 
prothallus  which  filled  the  whole  embryo-sac  in  Pinus, 
and  was  an  independent  plate  of  green  tissue  in  the  Fern. 
It  is,  then,  very  much  reduced  here.  This  is  the  tendency  in 
plants  :  the  higher  the  plant,  the  greater  the  reduction  of 


Fig.  IV.  —  a.  Diflfjframmatic  .section  of  ovule  of  Srilln  nufiins  (Wild 
Hyacinth)  previous  to  fertilization;  ///.,  micropyle;  /'.,  funiculus 
(stalk);  or.,  ovum;  -"yn..  synerj<i(liu ;  <in>.,  antipodal  cells;  sn  , 
secondary  nucleus.  6.  Diagram  illustratinjj  development  of  embryo- 
sac  (macrospore).  c.  Germinating  Bean  {ad.  luit.).  d.  The  same  at 
a  slightly  later  stage;  r..  cotyledons;.?.,  young  stem  bearing  ordi- 
nary loaves  (<«/.  nat.).  e.  Diagrammatic  section  of  portion  of  seed  of 
Grass. 

the  prothallus  stage  of  its  growth.  The  central  cell  is 
the  secondary  nucleus.  The  remainder  of  the  macrospore 
is  filled  with  nourishing  material. 

It  will  be  interesting  to  note  how  these  cells  have  origi- 
nated. We  will  go  back  to  that  stage  in  which  the 
embryo-sac  (macrospore)  appeared  as  a  single  cell,  when 
it  was  essentially  tlie  same  as  the  Fern  spore.  All  cells 
contain  a  nucleus,  which  is  probably  a  part  of  its  proto- 
plasm that  luis  become  denser  in  structure,  and  per- 
haps changed  in  some  other  way.  The  nucleus  is  an 
important  body,  as  in  the  division  of  cells  it  first  divides 
up,  and  then  becomes  surrounded  with  protoplasm.  The 
nucleus  of  the  ciiibryo-sac  divides  into  two.  Tlie  two  thus 
formed  similarly  divide,  and  so  do  the  resulting  four 
nuclei.  The  positions  they  assume  in  each  stage  are 
shown  in  Fig.  IV.  I>.  Then  one  nucleus  from  each  end  of 
the  macrospore  travels  to  the  centre.  There  they  fuse 
to  form  the  secondary  nucleus.  This  stage  is  represented 
in  the  fourth  diagram  of  Fig.  I\".  //. 


The  pollen-grain,  when  it  has  alighted  on  the  stigma, 
commences  to  germinate,  and  sends  a  tube  down  the 
style,  just  as  that  of  Pinus  does  ;  only  here  germination 
takes  place  on  the  stigma,  whereas  in  Pinus  it  is  effected 
on  the  macrosporangium  (ovule)  itself.  The  contents  of 
the  tube  having  fu.sed  with  the  egg,  the  latter  di\-ides  up 
to  form  the  embryo.  At  the  same  time  the  secondary 
nucleus  splits  up,  and  so  on  until  the  whole  of  the  embryo- 
sac  is  filled  with  a  tissue — endosperm,  a  mass  of  nourish- 
ing material.  The  developing  embryo  is  furnished  with  a 
suspensor,  as  was  that  of  Selaginella  and  Pinus,  and,  as 
in  the  latter  case,  development  takes  place  in  such  a  way 
that  the  root  is  directed  towards  the  micropyle,  and  the 
first  leaf  or  leaves,  as  the  case  may  be,  in  the  opposite 
direction.  The  reason  of  this  arrangement  will  soon  be 
obvious.  All  plants  containing  green  colouring-matter 
(chlorophyll)  obtain  a  large  proportion  of  their  food  (at 
least  the  whole  of  their  carbon)  from  the  air.  But  when 
chlorophyll  is  absent  the  process  of  carbon  assimilation. 
that  is,  the  breaking  up  of  the  carbon  dioxide  of  the  air 
and  taking  up  of  the  carbon  and  part  of  the  oxygen,  can- 
not go  on,  so  the  plant  starves.  This  anyone  can  test  for 
himself  by  growing  plants  in  the  dark  ;  then  chlorophyll 
will  not  be  formed,  what  was  previously  there  will  disap- 
pear, the  plant  will  assume  a  miserable,  starved  appear- 
ance, and  will  soon  die,  unless  again  brought  to  the  light. 
However,  place  a  potato  in  a  dark,  moist  cellar  (most 
cellars  appear  to  possess  these  qualifications),  and  see  what 
happens.  A  long,  lanky  plant  will  be  produced.  This 
will  appear  to  contradict  the  statement  just  made  ;  but  a 
little  consideration  will  show  that  it  only  apparently  does 
so,  for  the  potato  is  a  storehouse  of  nutritive  material  on 
which  the  developing  plant  has  been  feeding.  \Yhenever 
this  store  is  exhausted,  the  plant  dies.  The  ovule  partakes 
in  a  great  measure  of  the  characteristics  ascribed  to  the 
potato  tuber.  It  is  a  reservoir  of  nourishing  matter,  in 
which  the  young  plant  is  bathed  at  the  commencement  of 
its  existence  ;  this  material  it  absorbs  before  it  quits  the 
seed. 

For  the  examination  of  a  mature  seed  we  will  take  the 
common  Garden  Bean.  It  shows  outside  a  scar  or  hiUim 
that  indicates  the  position  of  the  short  stalk  which  joined 
it  to  the  carpel,  and  near  the  hilum  is  a  small  o])ening. 
the  micropyle.  Take  a  penknife  and  cut  the  seed-coat, 
and  the  contents  will  then  fall  out,  and  probably  divide 
into  two  thick  fleshy  lobes,  on  one  of  which  there  is  a 
knob-like  process.  This  small  process  is  the  young 
plant,  and  the  two  fleshy  lobes  (Fig.  II.  </.,  c.)  are  its  seed- 
leaves  or  cotyledons,  as  they  are  ridiculously  termed. 
However,  this  term  must  be  remembered,  as  it  is  used  in 
the  naming  of  two  large  groups  of  Angiospermous  plants — 
the  Monocotyledons  and  Dicotyledons.  The  Monocotyle- 
dons (/xoi'os  one)  have  only  one  seed-leaf.  Examples  of 
these  are  found  in  the  Lilies,  Hyacinths,  Irises,  and 
Crocuses.  They  are  further  distinguished  by  the  posses- 
sion of  leaves  which  have  their  veins  running  in  a 
parallel  manner.  The  Dicotyledons  (8is  twice),  on  the 
other  hand,  have  two  seed-leaves,  and  their  leaves  are 
net-veined.  Our  forest  trees  and  many  of  our  common 
garden  plants  afibrd  us  examples  of  these.  The  seed-coat 
is  formed  by  the  integuments  and  wall  of  the  spomngium. 
The  whole  of  the  cavity  of  the  macrospore,  or  embryo-sac, 
is  occupied  by  the  embryo  plant  and  its  enormously  large 
cotyledons.  The  latter  have  absorbed  the  nourishing 
material  that  previously  existed  in  the  macrospore.  A 
seed  which,  when  mature,  contains  no  nourishing  matter 
is  said  to  be  i.rtilliiiiiiiiinu.i. 

We  will  compare  this  seed  with  that  of  a  grass,  such 
as   the  Wheat   ( Fig.  IV.  <.).      -A  vertical  section   shows 
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that  the  young  plant  occupies  only  a  small  part  of  the 
embryo-sac  ;  the  rest  is  filled  with  nourishing  material, 
to  absorb  which  a  part  of  the  stem  of  the  embryo  assumes 
a  shield-like  shape — scutellum — and  applies  itself  to  it. 
This  is  an  (ilhuminmni  seed  ;  but  the  shield  is  not  developed 
in  all  seeds  of  this  kind. 

When  a  seed  commences  to  germinate,  water  is  absorbed, 
and  a  great  quantity  of  oxygen  is  taken  in.  The  chemical 
processes  which  go  on,  the  limits  of  this  paper  will  not  allow 
us  to  discuss.  Let  it  suffice  to  say  that  the  root  passes 
out  by  the  micropyle,  and  fastens  the  plant  firmly  in  the 
soil.  In  the  meantime,  if  the  plant  be  albuminous,  the 
embryo  is  absorbing  the  nomishiug  material  by  means  of 
its  seed-leaves,  and  living  on  it  ;  while  if  exalbuminous, 
as  is  that  of  the  Bean,  the  food-material  contained  in  the 
cotyledons  is  gradually  used  up,  so  that  these  organs 
soon  lose  their  fleshy  appearance.  By  this  time  the 
plant  has  obtained  a  firm  hold  of  the  soil,  and  then  the 
seed-coat  is  thro-ftTi  off,  chlorophyll  appears  in  the  leaves, 
and  the  young  plant  is  enabled  to  start  life  on  its  own 
account. 


NUMMULITES  AND  MOUNTAINS. 

By  R.  Lydekker. 

BOTH  the  proverb  "  as  old  as  the  hills,"  as  well  as 
the  phrase  the  "  everlasting  hills,"  are  but  the 
expression  of  the  natural  tendency  of  the  human 
mind  to  regard  all  bills  and  mountains  as  the 
most  lasting  and  ancient  objects  with  which  we 
are  familiar.  As,  however,  is  so  often  the  case,  science 
steps  in  and  tells  us  that,  although  the  proverb  and  the 
phrase  are  true  enough  as  regards  human  experience,  yet 
that  when  we  go  back  and  study  the  origin  of  things,  as 
revealed  by  geology,  we  find  that  many  hills  and  moun^ 
tains — and  more  especially  the  highest  of  them — are 
actually  among  the  very  newest  features  in  the  physio- 
gnomy of  the  earth,  and  that  the  expression  "  as  old  as 
the  plains  "  would,  in  many  instances,  be  a  far  truer 
simile  than  the  one  current. 

_  If,  indeed,  we  reflect  for  a  moment,,  we  shall  be  con- 
vinced that  the  highest  mountains  of  the  globe — always 
excepting  volcanoes,  which  have  the  power  of  renewing 
their  height — must  necessarily,  as  a  general  rule,  be 
yoimger  than  many  of  those  of  lower  height,  or  even  than 
the  plains  from  which  they  rise.  Thus  rain,  snow,  frost, 
and  rivers  are  perpetually  tending  to  wear  down  and  wash 
away  all  the  higher  points  of  the  earth's  surface,  and  to 
carry  the  dehris<  to  the  valleys  below.  Consequently,  we 
are  led  to  conclude  that,  i>rima  fucie,  the  higher  a  moun- 
tain range  is,  the  less  time  it  has  been  subject  to  this 
vvashing-away  process,  and,  therefore,  the  younger  it  is  as 
regards  relative  age.  It  might,  indeed,  be  objected  to  this 
that  the  mountains  that  are  now  the  highest  have  always 
been  the  highest ;  and  that  at  the  beginning  of  all  things 
their  original  height  as  much  exceeded  their  present  height 
as  the  latter  does  that  of  the  smaller  ranges.  In  this 
\-iew,  however,  their  original  heights  would  have  had  to 
be  so  stupendous  as  to  be  almost  inconceivable,  and 
probably  much  greater  than  is  compatible  with  the 
physical  conditions  of  the  globe.  This  hypothesis  may, 
therefore,  be  dismissed  as  untenable  ;  more  especially 
as  there  is  direct  evidence  of  a  totally  different  kind, 
which  is  conclusive  as  to  the  truth  o"f  the  alternative 
view. 

This  evidence  is  afforded  by  fossils,  and  more  especially 
by  a  particular  kind  of  fossil,  which,  from  its  abundance 


and  the  restricted  geological  epoch  in  which  it  is  found,  is 
of  more  than  usual  value  in  inquiries  of  the  present 
nature. 

If  any  of  our  readers  have  ever  examined  the  Tertiary 
clays  and  sands  of  Barton,  in  Hampshire,  or  of  Bruckle- 
sham,  on  the  Sussex  coast,  they  will  probably  have  met 
with  numerous  disc-like  objects,  the  larger  of  which  are 
somewhat  more  than  an  inch  in  diameter,  while  the 
smallest  are  scarcely  bigger  than  a  pin's  head.  When 
split  or  cut,  these  objects  are  found  to  contain  a  number  of 
minute  chambers,  separated  from  one  another  by  thin 
walls  arranged  in  the  form  of  a  spiral,  as  shown  in  the 
figure.  Technically  they  are  known  as  nummulites,  and 
belong  to  the  very  lowest  division  of  the  animal  kingdom 
— lower  even  than  the  sponges,  wliich  some  people  cannot 
be  persuaded  to  believe  are  animals  at  all.  Now  these 
nummulites  are  exceedingly  interesting  to  those  who  study 
the  growth  and  formation  of  mountain  ranges,  for  the 
reason  that  they  occur,  in  any  quantity  and  of  large  size, 
only  through  the  greater  portion  of  the  Eocene  or  lowest 
division  of  the  Tertiary  (latest)  geological  period,  although 
not  reaching  down  to  the  London  Clay ;  and  also  because 
they  were  very  widely  distributed  in  the  seas  which  then 
covered  a  large  part  of  our  existing  continents.  If,  then, 
we  should  find  rocks  containing  great  numbers  of  large 
nummulites  on  the  flanks  or  tops  of  a  mountain  range,  we 
should  be  assured  that  such  range  was  younger  than  the 
Eocene  period,  at  which  date  its  component  rocks  were 
being  formed  as  mud  at  the  bottom  of  the  sea. 

Now,  although  in  England  the  aforesaid  nummulites 
only  occur  in  soft  beds  of  clay  and  sand  in  the  low  clifis  of 
the  southern  coast,  when  we  cross  to  the  Continent  we 
find  them  forming  the  greater  part  of  a  massive  limestone, 
known  as  the  Nummulitic  Limestone.  This  very  charac- 
teristic rock  is  more  massive  and  more  widely  spread  than 
any   other    Tertiary   deposit,   and,    in    its    thickness    and 
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identity  of  structure  over  large  areas,  recalls  the  Mountain 
Limestone  of  the  Palaeozoic  epoch.  It  is,  indeed,  abso- 
lutely one  mass  of  nummulites,  of  which  sections  are 
displayed  on  every  fractured  surface  ;  and  it  was  probably 
an  open  sea  deposit,  which  must  have  taken  incalculable 
ages  for  its  formation.  It  occurs  in  Southern  Europe  in 
both  the  Alps  and  Pyrenees,  attaining  a  thickness  of 
several  thousand  feet  in  the  former,  and  occurring  at 
elevations  of  more  than  10,000  feet  above  the  sea-level. 
In  the  Pyrenees  it  forms  a  beautiful  white  crystalline 
marble.  On  the  south  of  the  Mediterranean,  Nummulitic 
Limestone  is  found  again  in  the  mountains  of  Algeria 
and  Morocco,  in  Eastern  Europe  it  reappears  in  the 
Carpathians,  and  thence  may  be  traced  into  the  Caucasus 
and  Asia  Minor.  All  travellers  to  India  are  familiar  with 
the  Mokattam  range  of  bare  mountains  on  the  western 
shore  of  the  upper  part  of  the  Eed  Sea,  which  are  likewise 
almost  entirely  composed  of  this  same  limestone.  It  is, 
indeed,  a  common   belief  among  the  Egyptian  peasantry 
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that  the  larger  disc-like  nummulites  are  lentils  left  by  the 
builders  of  the  pyramids,  and  subsequently  turned  into 
stone.  From  the  Caucasus  and  Asia  Minor  the  Nummu- 
litic  Limestone  may  be  followed  into  Persia,  Baluchistan, 
Sind,  the  Punjab,  and  so  into  the  Himalaya.  Thence 
it  continues  into  Assam  and  Burma,  and  reappears  in  the 
Andaman  and  Nicobar  Islands  in  the  Bay  of  Bengal. 

It  is,  however,  in  the  inner  Himalaya  that  the  oceiir- 
rence  of  Nummulitic  Limestones  and  certain  overlying 
Tertiary  rocks  is  of  more  especial  interest,  since  it  is  there 
that  they  attain  a  greater  elevation  tlian  in  any  other  part 
of  the  world.  It  is  in  the  upper  Indus  Valley,  in  the 
neighbourhood  of  Leh  in  western  Tibet,  that  these 
nummulitic  rocks  occur  ;  running  some  distance  down  the 
Indus  to  the  west  of  Leh,  and  to  the  eastward  of  that 
town  extending  into  Chinese  territory.  There  is  good 
evidence  to  show  that  the  arm  of  the  sea  in  which  these 
nummulitic  rocks  were  deposited  communicated  with  the 
ocean  to  the  eastward  in  the  Bay  of  Bengal,  instead  of 
foUowing  the  course  of  the  Indus  in  a  westerly  direction 
to  the  Arabian  Sea.  Moreover,  in  some  parts  of  this 
area  the  rocks  which  overlie,  and  are,  therefore,  newer 
than  the  Nummulitic  Limestone,  are  raised  to  the 
stupendous  elevation  of  more  than  21,000  feet  above  the 
sea-level. 

We  have,  therefore,  before  us  decisive  evidence  to  show 
that  those  parts  of  the  earth's  surface  which  at  the  present 
day  form  some  of  the  highest  peaks  in  the  Himalaya  were, 
at  the  period  when  the  London  Clay  was  deposited,  below 
the  level  of  the  sea  ;  and  consequently  that  the  elevation 
of  that  part  of  the  Himalaya  has  taken  place  entirely 
since  that  epoch,  during  a  period  when  the  physical 
features  of  England  have  altered  only  to  a  comparatively 
slight  degree.  There  is,  moreover,  equally  conclusive 
evidence  to  show  that  the  elevation  of  the  Himalaya  was 
not  completed  until  a  much  later  epoch  of  the  earth's 
history,  since  on  the  southern  flanks  of  this  mighty  range 
we  find  beds  of  sandstone  containing  remains  of  mammals 
which  lived  during  the  Pliocene,  or  later  Tertiary  epoch, 
raised  to  a  height  of  several  thousand  feet  above  the  sea- 
level. 

The  elevation  of  the  Indus  Valley  in  the  heart  of  the 
Himalaya  could  not,  therefore,  have  commenced  until  the 
Miocene,  or  middle  Tertiary  epoch,  while  that  of  the  outer 
Himalayan  ranges  could  not  have  been  completed  till  far 
into  the  Pliocene  period,  and,  for  all  we  know  to  the 
contrary,  may  still  be  in  progress.  Not  only  so,  but  the 
same  endence  likewise  tells  that  the  Alps,  Pyrenees, 
Carpathians,  the  Caucasus,  and  the  Egyptian  Mokattam 
range,  as  well  as  the  moimtains  of  Algiria,  have  all 
attained  their  present  elevation  since  the  latter  part  of  the 
Eocene  period,  when  at  least  a  considerable  portion  of 
their  area  was  submerged.  And  we  accordingly  learn  that 
many  of  the  most  striking  physical  features  of  the  Old 
World  are  of  comparatively  modern  origin. 

When,  however,  we  turn  to  mountains  like  those  of  the 
Lake  District  and  Wales,  which  only  attain  moderate 
elevations,  and  in  which  the  rocks  belong  solely  to  the 
Palipo/.oic,  or  oldest  geological  epoch,  it  is  evident  that  we 
have  to  do  with  elevations  of  an  extremely  remote  date. 
There  is,  indeed,  satisfactory  proof  that  these  old  moun- 
tains were  once  vastly  higher  than  they  are  at  present ; 
their  diminished  altitude  being  due  to  the  long  ages  during 
which  they  have  been  subjected  to  the  wear  and  tear  of 
the  elements.  To  such  mountains  the  proverb  to  which 
we  have  already  alluded  is,  therefore,  strictly  applicable  ; 
but  in  a  geological  sense  the  phrase  "  everlasting  hills  " 
can  be  applied  neither  to  the  oldest  nor  the  yomigest 
mountains. 


DISSEMINATION  OF  SEEDS. 

By  Theodore  W.  Dicker. 

THE  dispersion  of  seeds  over  the  wide  surface  of  the 
globe,  which  has  been  of  so  much  importance  in 
the  distribution  of  vegetable  life,  has  been  accom- 
plished by  adaptations  as  marvellous  as  they  are 
oft'ective.  In  these  methods  we  find  another 
proof  of  Nature's  firm  determination  to  carry  on  the  race. 
Fhst  we  have  the  astonishingly  la^•ish  manner  in  which 
seeds  are  produced.  Eight  thousand  have  been  coimted 
in  a  single  capside  of  the  White  Poppy,  whilst  it  has  been 
estimated  that  a  single  Tobacco-plant  can  produce  860,000. 
How  multitudinous,  too,  are  the  microscopic  spores  of  the 
Flowerless  Plants.  It  has  been  calculated  that  a  single 
frond  of  Spleenwort  could  produce  a  million  spores,  and 
it  is  necessary  to  only  shghtly  kick  a  mature  Puff-ball 
(Lycoperdon)  to  drive  the  spores  out  in  a  small  cloud. 
Why,  then,  it  may  be  asked,  with  all  this  tremendous  re- 
productive potency,  is  not  the  earth  overrun  to  a  most 
inconvenient  extent  by  plant-life  ?  The  possibiUty  of  over- 
production is  checked  in  many  ways,  among  which  are 
the  unsuitability  of  position,  the  destructive  struggle  for 
existence  which  goes  on  among  crowded  plants,  and  by 
the  great  consumption  of  seed  by  men  and  the  lower 
animals. 

In  addition  to  the  exuberance  of  production  we  must 
take  into  consideration  the  power  which  seeds  and  fruits 
possess  of  resisting  injiny.  They  are  less  perishable  than 
any  other  part  of  the  flowers  producing  them,  and  are  well 
adapted  to  retain  their  vitality,  even  through  great  changes 
of  temperature,  for  a  length  of  time.  Some  wheat  which 
Sir  George  Nares  brought  from  the  Arctic  regions,  where 
it  had  been  left  by  the  crew  of  the  i'ularis  two  years  before, 
was  found  to  still  possess  its  germinating  power ;  and 
Dr.  Trimen  states  that  some  seeds  of  ^felumbium  in 
the  herbarium  of  Sir  Hans  Sloane,  who  died  in  1753, 
germinated  in  1866. 

In  the  distribution  of  seeds  we  find  three  kinds  of 
agencies  concerned,  sometimes  acting  independently  and 
sometimes  in  concert.  First,  there  are  the  remarkable 
efl'orts  which  plants  themselves  make  to  disseminate  the 
products  of  fructification  ;  secondly,  there  is  the  powerful 
instrumentality  of  two  inanimate  forces  without,  viz.  wind 
and  water ;  and,  lastly,  there  is  the  unconscious  but  in- 
terested action  of  animal  life. 

Let  us  examine  first  the  methods  by  which  plants  them- 
selves seek  to  insure  the  proper  disposal  of  their  seed. 
Dissemination  generally  beguis  at  the  close  of  life  in 
annual  plants,  and  at  the  "  period  of  rest "  in  woody 
plants.  It  is  then,  except  in  the  case  of  succulent  fruits, 
that  the  fruit  attains  the  degree  of  dryness  necessary  for 
the  lil)eration  of  the  seed.  Indeed,  fruits  may  be  roughly 
divided  mtodry  and  succulent.  As  succulent  fiuits  generally 
exhibit  no  particular  mechanical  efl'orts  in  themselves  at  dis- 
semination, it  is  with  the  former,  or  dry  fruits,  that  this 
part  of  our  article  is  concerned.  Dry  fruits,  again,  may  be 
separated  into  the  tle/iisvent,  or  those  in  which  the  peri- 
carps, or  seed-cases,  open  to  permit  of  the  escape  of  the 
contained  seeds,  such  as  the  Pea-pod,  and  the  imhltistttit, 
or  those  in  which  the  pericarps  do  not  open.  Taking  first 
the  ileliisceut  fruits,  we  find  that  they  usually  consist  of  a 
number  of  seeds  enclosed  in  tough  pericarps,  as  in  the 
Poppy  or  the  Vetch.  As  such  fniits  present  no  special 
attraction  to  animals,  the  seed-cases  must  of  necessity  open 
to  permit  of  the  exit  of  the  seeds  ;  for  whei-e  the  seeds 
are  numerous  it  would  manifestly  be  to  their  disadvantage 
if  the  fruit  merely  fell  to  the  earth  and  they  escaped 
only  through  the  rotting  of  the  seed-case,  as  this  would 


66 


KNOWLEDGE 


[April  1,  1891. 


set  up  a  struggle  for  existence  in  which  only  the  most 
capable  would  survive.  Fruits  of  this  kind  therefore 
split  in  a  regular  and  distinctive  fashion  in  order 
that  the  seeds  may  escape.  And  not  only  do  the 
pericarps  prevent  a  crowded  planting  by  thus  splitting, 
bi;t  they  frequently  still  further  carry  out  this  im- 
portant object  by  ejecting  the  seeds  with  considerable 
force.  The  methods  by  which  this  is  achieved  are  most 
curious  and  interesting.  The  legume  of  the  Pea  splits 
along  its  two  margins,  the  two  halves  falling  away  from 
eai-h  other  and  throwing  off  the  seeds  in  various  direc- 
tions. The  seed-cases  of  the  Pansy  and  of  the  Violet 
explode,  scattering  the  seeds  forcibly.  In  the  Gorse  and 
the  Broom  a  sudden  burst  of  the  pods  and  a  sjiring-like 
twist  of  their  two  halves  effectually  disperse  the  contents. 
On  sunny  -July  days  the  cracking  sounds  produced  by  the 
bursting  pericarps  may  be  distinctly  heard.  The  mature 
fruit  of  F.chdIUum  elaterium  separates  from  its  stalk  and 
ejects  its  seeds  with  great  rapidity  through  the  orifice  left 
by  the  rupture.  The  sporangia  of  many  ferns  (Bracken) 
have  an  elastic  ring  which  is  probably  intended  for  the 
energetic  dispersal  of  the  spores.  In  certain  pines  the 
scales  of  the  cone,  when  thoroughly  dried  by  the  hot  days 
of  the  summer  following  that  of  its  production,  open  with 
a  jerk,  forcibly  ejecting  the  winged  seeds.  Frequently  a 
number  will  burst  together,  and  then  the  sound  may  be 
heard  at  a  great  distance.  In  the  expulsion  of  the  seeds 
of  the  Balsam  (Impatiens)  the  contact  of  some  outside 
object  is  of  advantage.  The  seed-case  consists  of  one  cell 
with  five  valves,  and,  if  touched  by  accident  when  ripe,  it 
at  once  bursts  open,  the  valves  coiling  themselves  violently, 
and,  springing  from  the  stalk,  scatter  the  seeds  in  all 
directions.  In  the  Poppy  and  the  Snapdragon  a  stOl 
larger  share  of  the  work  of  releasing  the  seeds  falls  to  an 
outer  agency,  for  here  the  pericarp  consists  of  a  capsule 
which  opens  along  the  top  by  valves  that  leave  small 
pores  through  which  the  seeds  fall  out  when  the  capsules 
are  shaken  by  the  wind.  In  all  of  these  various  methods 
of  the  expulsion  of  seeds  it  would  seem  that  they  are  due 
to  mechanical  causes,  and  depend  in  most  instances  (/»(- 
jmtuns  excepted)  upon  a  certain  condition  of  dryness  in 
themselves,  and  upon  the  state  of  the  surrounding  atmo- 
sphere. 

Passing  from  the  modes  in  which  dry  ft'uits,  consisting 
of  a  number  of  seeds  enveloped  in  tough  pericarps,  effect 
dissemination,  we  have  to  consider  next  the  means  which 
obtain  among  dry  fruits  whose  seeds  are  not  collectively 
enclosed  in  a  strong  seed-case.  Here,  too,  we  find  the 
forcible  ejection  of  seeds.  Those  of  the  Oat  are  scattered 
with  such  energy  that  on  a  fine,  dry  day  the  snapping 
thus  caused  is  distinctly  audible.  But  the  most  curious 
pronsion  possessed  by  seeds  of  tbis  class  for  self-dissemi- 
nation is  the  hygroscopic  awn.  In  the  Wild  Oat  {Avena 
fatua),  for  example,  there  is  attached  to  the  glumeUa  (a 
small  leafy  structure  connected  with  the  seed),  a  spiral 
awn  covered  with  numerous  fine  hairs,  and  this  awn  has 
the  power  of  expanding  when  moist,  and  of  contracting 
when  dry.  Thus  the  attached  seed  is  constantly  on  the 
move  with  the  changes  in  the  weather,  the  hairs  clinging 
to  any  object  met  with,  until  germination  or  destruction 
puts  an  end  to  its  motion.  The  seed  of  Barley,  too,  is 
provided  with  a  similar  awn,  which  is  furnished  with 
minute  teeth  that  point  towards  its  apex.  The  seed, 
when  lying  on  the  ground,  naturally  expands  with  the 
moisture  of  the  night,  and  contracts  with  the  dryness  of 
the  day  ;  but,  as  the  teeth  prevent  its  mo^•ing  towards  the 
point  of  the  awn,  all  motion  must  be  in  the  direction  of 
the  base  of  the  seed,  which  wiU  thus  travel  many  feet  from 
the  parent  stalk.     As  a  ready   proof  of  tbis,    an   ear   of 


Barley  will,  if  placed  seed  uppermost  in  the  coat-sleeve  in 
the  morning,  be  found  to  work  up  to  the  arm-pit  during 
the  day.  A  still  more  remarkable  provision  exists  in 
Erodium,  a  genus  belonging  to  the  Geranium  order,  by 
which  the  seed  buries  itself.  The  fruit  splits  into  five 
cone-shaped  seeds,  at  the  base  of  which  is  a  long  awn  or 
filament.  As  the  seed  lies  on  the  ground  the  awn  remains 
straight  so  long  as  it  keeps  moist,  but  when  it  gets  dry 
one  side  of  the  awn  contracts,  forcibly  causing  the  upper 
end  to  form  a  curve  which  brings  its  point  against  the 
ground,  and  the  apex  of  the  conical  seed  downwards.  The 
lower  part  of  the  awn  now  commences  to  contract  into  a 
spiral,  causing  the  cone  to  rotate  and  to  enter  the  earth 
where  the  hairs  which  it  bears,  and  which  point  upwards, 
hold  it  fast.  The  spiral  portion  also  enters  the  ground, 
forcing  the  seed  dowTiwards.  Moisture  now,  instead  of 
reversing  the  effect  produced  by  dryness,  only  continues  it, 
for  the  spiral  coils,  in  trying  to  straighten  themselves,  are 
held  fast  by  hairs,  and  the  result  is  that  the  seed  is  driven 
deeper  into  the  groimd.  It  is  a  notable  thing,  as  Mr. 
Francis  Darwin  has  pointed  out,  that  these  burying  con- 
trivances are  all  of  a  similar  nature,  though  belonging  to 
plants  of  widely  separated  orders. 

Having  considered  plants  which  possess  special  facilities 
in  themselves  for  dissemination,  we  come  to  those  which 
depend  to  a  gi-eat  extent  upon  outside  agencies  for  their 
dispersion.  Of  these  agencies,  the  all-pervading  instru- 
mentality of  the  wind  may  be  taken  as  naturally  next  in 
order  to  the  power  of  self-distribution.  The  exceeding 
smallness  of  many  seeds,  not  to  speak  of  spores,  admits  of 
their  ready  transport  by  the  wind.  In  addition  to  tbis, 
certain  fruits  are  evidently  intended  for  dissemination  by 
this  agency,  for  they  are  furnished  with  downy  tufts  or 
with  wings  which  support  them  on  the  breeze.  When 
ripe  for  dispersion,  the  light,  flossy  seeds  of  the  Dandelion 
and  the  Thistle  may  be  seen  floating  in  considerable 
quantities  on  the  softest  wind.  These  special  appendages, 
though  designed  to  serve  the  same  purpose,  and  though 
often  similar  in  appearance,  vary  greatly  in  their  origin. 
There  are  three  kinds  of  wing-shaped  processes  which, 
while  the  fruit  is  developing,  take  their  rise  from  different 
parts  of  the  flower.  The  wings  on  the  seeds  of  certain 
species  of  the  Pine  Order  arise  from  an  outer  layer  of  the 
tissue  of  the  scale  ;  those  on  the  seed  of  Bhinonia  muvh-uta 
from  the  coat  of  the  ovule,  and  those  on  the  samara;  of  the 
Elm  and  the  Maple  are  developments  from  the  pericarp, 
which,  of  course,  in  simple  fruits  is  the  matured  ovary. 
Again,  the  silky  tuft  of  hairs,  or  pappus,  of  the  CompositiB 
and  of  kindred  orders,  is  a  peculiar  development  of  the 
calyx;  whilst  the  coma  of  the  seeds  of  Asclepias  and  of  the 
Willow  is  a  hairy  growth  from  the  testa.  Aided  by  these 
special  formatims  on  seeds  and  fruits,  the  importance  of 
the  wind  in  the  work  of  dissemination  is  difficult  to  over- 
estimate. 

Frequently  the  wind  acts  in  conjunction  with  another 
outside  agent  of  dissemination — water.  The  wind  strips 
the  vegetation  of  a  district  of  its  fruits  and  carries  them 
into  neighbouring  streams,  to  be  caught  perhaps  by  the 
bend  of  a  bank  where  they  form  a  cjlony.  Plants  growing 
by  the  banks  of  rivers  will  thus  be  distributed  along  the 
course  of  the  stream.  Curiously  enough,  it  will  sometimes 
happen  that  an  Alpine  plant  will  in  this  manner  be 
brought  into  a  lowland  district  where  the  climatal  con- 
ditions are  not  favourable  to  its  growth.  It  may  flower, 
but  cannot  produce  seed,  and  it  is  only  by  the  continual 
renewal  of  the  seed  by  the  current  that  the  species  is  able 
to  maintain  its  occupation  of  the  uncongenial  localitj-. 
Certam  seeds  will,  however,  be  borne  by  the  current  right 
out  to  sea,   where,  with  others  which  have  been  carried 
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direct  to  the  ocean  by  the  wind,  they  may  probably 
flourish  on  some  remote  island.  Necessarily  such  seeds 
must  be  well  protected  against  outer  injury,  whether  from 
friction  or  from  the  action  of  salt  water.  Dr.  Hooker 
found  in  his  examination  of  a  large  number  of  the  floras  of 
islands  that  the  LeguminosiP,  to  which  order  the  Pea, 
the  Vetch,  and  the  Bean  belong,  contained  more  species 
common  to  other  parts  of  the  world  than  any  other 
order.  The  preponderance  was  due  to  the  characteristic 
form  of  the  fruit,  its  strong  pericarp  being  well  adapted 
for  preserving  the  seed,  whilst  its  shape  enabled  it  to  float 
on  the  water. 

Of  course,  it  is  only  fruits  of  a  certain  lightness 
and  buoyancy  that  admit  of  transport  by  wind  and  water. 
Those  that  are  too  heavy  for  this  method  of  distribution, 
such  as  pulpy  fruits,  depend  upon  the  agency  of  animal 
life  for  dispersion.  There  can  hardly  be  any  doubt  that 
the  bright,  succulent,  and  edible  coverings  of  fruits  are 
specially  intended  to  attract  the  attention  of  birds  and 
other  animals.  In  order  to  produce  this  attractive  exterior 
we  find  not  only  the  ovary — afterwards  the  pericarp  proper 
— specially  developed,  as  in  the  Orange  or  the  Grape,  but 
various  other  parts  of  the  flower. 

Thus,  by  structural  developments  adapted  to  take  ad- 
vantage of  the  means  of  transport  existing  in  the  forces 
of  wind  and  of  water,  and  in  the  surrounding  animal  life 
— afibrding  another  proof  of  the  interdependence  which 
exists  in  Nature — have  plants  been  spread  over  the  Earth. 
"  The  real  difficulty,"  says  Sir  Charles  Lyell,  "  which  must 
present  itself  to  everyone  who  contemplates  the  present 
geographical  distribution  of  species,  is  the  small  number 
of  exceptions  to  the  rule  of  the  non-intermixture  of 
different  groups  of  plants.  Why  have  they  not,  suiJiJosing 
them  to  have  been  ever  so  distinct  originally,  become 
more  blended  and  compounded  together  in  the  lapse  of 


CALCITE  AND  ARAGONITE  IN  SHELLS. 

By  Vaughan  Cornish,  B.Sc,  F.C.S. 

IF  different  materials  have  the  same  chemical  compo- 
position,  they  are  generally  regarded  as  being 
essentially  identical,  and  are  looked  >ipon  as  varieties 
of  the  same  substance.  Carbonate  of  Ume  is  a 
familiar  example ;  chalk,  limestone,  marble,  Ice- 
land spar,  and  aragonite  are  all  composed  of  carbonate  of 
lime,  and  are  spoken  of  as  different  varieties  of  carbonate 
of  lime.  This  does  not,  however,  represent  the  view  of 
the  mineralogist.  Chemical  composition  is  only  one 
among  several  criterions  considered  in  the  definition  of  a 
mineral  species.  It  often  happens  that  minerals  differing 
fundamentally  in  their  crystalline  form,  and  in  the  in- 
ternal structure  which  is  connected  with  the  external 
form,  have  the  same  chemical  composition.  These  are 
regarded  by  the  mineralogist  as  distinct  species,  notwith- 
standing the  identity  of  chemical  composition.  Funda- 
nu'Utal  difference  of  crystalline  form  is  the  basis  of 
differentiation  among  minerals  of  which  the  composition 
is  identical.  We  will  endeavour  to  make  clear  the 
principles  on  which  it  is  decided  whether  a  difference  of 
form  is  to  be  regarded  as  fundamental.  In  mineralogical 
collections,  ranged  side  by  side  with  the  well-known  rliomb 
of  Iceland  spar,  may  be  seen  a  vast  variety  of  crystalline 
forms  of  carbonate  of  lime.  In  general  appearance  they 
dift'ei'  greatly  from  one  another ;  yet  the  mineralogist  will 
tell  one  that  there  is  no  fiiiiiliniitntul  difference  in  these 
forms,  whicli  are  all  intimately  related  to  that  of  the 
rhomholu'dron.  This  relationship  is  a  matter  of  geome- 
try,   which    we    must    he    content    to    state    merely   in    a 


general  manner.  A  crystal  is  a  body  bounded  by  certain 
plane  surfaces — the  faces  of  the  crystal.  The  arrange- 
ment of  a  system  of  planes  is  best  understood  by  con- 
sidering how  their  position  is  related  to  three  lines 
intersecting  at  a  point,  these  lines  being  termed  aaxa.  A 
crystalline  form  is  defined,  first,  by  the  position  of  these 
lines ;  secondly,  by  the  manner  in  which  the  position  of 
the  planes  is  related  to  that  of  the  lines.  All  the  various 
forms  which,  in  the  mineralogical  collection,  are  placed  in 
proximity  to  the  rhomb  of  Iceland  spar,  are  forms  which 
can  be  built  up  on  the  same  system  of  axes,  and  the 
positions  of  the  planes  or  faces  with  respect  to  these  axes 
are  all  related  to  one  another  according  to  a  simple 
geometrical  law.  All  these  specimens  are,  therefore, 
reckoned  as  belonging  to  one  mineral  species,  to  which  the 
name  calciU'  is  given. 

In  the  next  compartment  of  the  mineralogical  collection 
will  be  found  another  set  of  crystals,  also  composed  of 
carbonate  of  lime.  These,  however,  are  members  of 
another  mineral  species  known  as  (iiai/diiite.  Their  forms 
are  related  among  themselves  by  a  simple  geometrical  law, 
but  the  plan  of  construction  is  radically  different  from  that 
of  the  calcite  forms.  The  system  of  planes  representing 
the  faces  of  the  crystals  cannot  be  built  up  on  the  same 
three  axes  as  those  of  the  calcite  forms,  and  the  law  con- 
necting the  positions  of  the  planes  themselves  is  different 
in  the  two  cases. 

For  the  mineralogist,  carbonate  of  hme  comprises  two 
mineral  species — calcite  and  aragonite — and  all  the  difl'e- 
rent  varieties  are  classed  under  one  of  these  two  names. 

The  question  may  be  asked.  Is  there  not  something 
fanciful  in  basing  a  classification  of  material  substances 
merely  on  certain  abstract  ideas  of  symmetry"?  Calcite  and 
aragonite  are  composed  of  the  same  kinds  of  stuff'  or 
matter  ;  if  our  minds  were  not  gifted  or  encumbered  with 
abstract  notions  about  symmetry,  should  we  discover  any 
difference  of  properties  between  these  two  mineralogical 
species '?  As  a  matter  of  fact,  the  properties  of  crystalline 
substances  furnish  a  striking  example  of  the  real  and  inti- 
mate relation  of  oui-  ideas  of  symmetry  with  the  actual  con- 
stitution and  properties  of  matter.  Every  property  of  a 
crystalline  substance  is  related  to  the  particular  symmetry 
of  its  form.  Thus,  take  the  case  of  the  action  of  the  sub- 
stance upon  liglit.  A  ray  of  light  is  affected  in  the  same 
way  by  its  passage  through  any  crystal  of  calcite  :  all  speci- 
mens of  aragonite  behave  alike  in  their  action  on  light ;  but 
the  mode  of  action  is  entirely  different  in  the  case  of 
aragonite  from  that  of  calcite.  For  exhibiting  these 
differences  of  behaviour  in  the  most  distinct  manner  an 
elaborate  instrument  is  employed,  the  stauroscope,  in 
which  iKihiriu'il  light  is  used.  We  cannot  enter  here 
into  the  method  of  using  the  instrument,  but  in  most 
text-books  of  mineralogy  will  be  found  plates  showing  the 
different  intcrt'firmr  phenomena  afforded  by  a  crystal  of 
calcite  and  one  of  aragonite.  .\  fragment  of  a  crystal 
shows  the  phenomena  characteristic  of  its  species,  which 
do  not  depend  upon  the  specimen  possessing  crystalline 
faces.  The  action  upon  liglit  depends  upon  the  actual 
structure  of  the  material  of  which  the  crystal  is  composed, 
which,  as  the  above  example  shows,  is  intimately  related 
with  the  crystalline  form.  We  see,  then,  that  the  phy- 
sical properties  justify  the  mineralogist  in  sorting  the 
varied  crystalline  forms  of  carbonate  of  lime  into  two 
classes,  and  in  characterizhig  every  member  of  each  class 
by  one  of  two  names — the  names  of  two  mineral  species. 

We  have    said    that  <ill  varieties  of  carbonate  of  lime 

are   classed  as  calcite  or  aragonite,  and   many  of  these 

varieties   do    not    show   crystalline    form   at    all,   as,   for 

I  instance,  limesti  ne  and  marble.     What  data  justify  the 
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mmeralot,nst  in  c;illiii,u  lum-^u«iie  ami  marble  ealcite  ?  We 
liave  said  that  whore  crystalline  symmetry  differs,  all 
physical  properties  are  different.  One  of  the  most  im- 
portant, and  one  of  the  most  nearly  constant  properties  of 
every  kind  of  matter,  is  its  specific  gravity.  Every 
specimen  of  ealcite  has  a  specific  gravity  of  2-72,  or  not 
differing  from  2  72  by  more  than  one  or  two  units  in  the 
second  decimal  place.  Similarly  all  specimens  of  ara- 
gonite  have  a  specific  gravity  of  very  nearly  2-93.  In 
limestone  and  marble  we  have  the  so-called  maxsire  car- 
bonate of  lime,  the  material  not  having  had  the  oppor- 
tunity to  assume  the  crystalline  form.  How  are  we  to 
determine  whether  limestone  is  ealcite,  aragonite,  or  yet 
another  mineral  species  ?  The  specific  gravity  is  found 
to  be  that  of  ealcite,  Niz.  about  2-7,  as  is  also  the  case 
with  marble.  We  conclude,  therefore,  that  the  carbonate 
of  lime  in  limestone  and  marble  is  ealcite. 

It  has  long  been  a  familiar  fact  that  certain  organisms 
have  the  power  of  secreting  carbonate  of  lime  from 
solution  to  build  up  the  hard  xjortion  of  their  shells.  The 
shell  of  the  oyster,  for  instance,  of  the  crab,  and  of  the 
common  whelk  are  complex  structures  of  organic  matter 
and  carbonate  of  lime,  and  in  the  fossilized  remains  of 
shells  the  general  form  of  the  shell  is  preserved  by  the 
carbonate  of  lime  after  the  decomposition  of  the  organic 
matter.  Several  questions  of  interest  are  suggested  by 
this  case  of  combined  mineral  and  animal  growth.  Does 
the  carbonate  of  lime  in  calcareous  organisms  exist  in 
some  special  modification  different  from  those  known  in 
the  mineral  world  ?  How  far  is  the  mode  of  growth  of 
the  animal  tissues  constrained  by  the  rigid  laws  of  crystal- 
lization •?  Or,  on  the  other  hand,  do  the  forces  brought 
into  play  in  animal  growth  mask,  or  even  overpower, 
the  operation  of  the  ordinary  process  of  the  crystallization 
of  a  substance  from  solution?  The  answers  to  these 
questions  are  furnished  by  the  investigations  of  Dr. 
Sorbey  and  others,  which  have  been  published  at  intervals 
during  the  last  twelve  years.  In  the  first  place,  it  has 
been  shown  that  in  calcareous  organisms  we  have  not 
to  deal  with  any  new  species  of  carbonate  of  lime.  In 
every  case  the  optical  properties  and  the  specific  gravity 
show  that  the  shells  contain  either  ealcite  or  aragonite. 
Some  animal  species  secrete  carbonate  of  lime  as  ealcite, 
others  as  aragonite. 

The  mode  of  growth  of  the  shell  is  in  general  a  com- 
promise between  the  mnieral  and  the  organic,  in  some 
cases  the  influence  of  the  first  factor  having  the  pre- 
dominance, in  others  that  of  the  second.  The  direction 
of  the  primiiuit  axis  of  the  crystal  is  always  related  in  a 
definite  manner  to  the  suriace  of  growth  of  iihe  shell — 
the  symmetrical  arrangements  which  result  from  this 
relation  producing  very  beautiful  appearances  when  sections 
are  examined  under  the  microscope.  Thus  the  inner  shell 
of  xfiiia  (the  cuttle-fish)  shows  innumerable  crystals  of 
aragonite  ranged  in  parallel  rows,  whilst  the  mineral 
portion  of  the  spines  of  ccJiiimlenDf:  consists  of  a  single 
crystal  of  ealcite  greatly  developed  in  one  direction. 

Some  organisms,  as  we  have  said,  secrete  or  produce 
ealcite,  others  aragonite.  Other  cases  again  are  known  in 
which  one  portion  of  the  shell  is  built  up  of,  say,  arago- 
nite, and  during  the  subsequent  growth  of  the  organism 
its  habits  or  powers  undergo  a  change,  the  rest  of  the  shell 
being  built  up  of  ealcite.  It  will  be  seen  that  we  are 
dealing  with  a  mixed  study,  at  once  mineralogical  and 
biological.  It  is  peculiarly  interesting  to  find  that  the 
influence  of  the  laws  of  evolution  is  apparent  even  when 
studying  the  mineralogical  aspect  of  the  subject.  It  is 
well  known  that  the  embryo  shows  the  past  history  of  the 
species,   the  development  of  the  individual  furnishing  an 


epitome  of  the  history  of  development  in  the  race.  Now 
the  shell  of  the  common  whelk,  which  may  be  found  on 
any  sea-beach,  is  composed  of  ealcite,  except  a  small 
portion  which  is  that  first  formed  in  the  growth  of  the 
organism.  The  examination  of  the  /ami  species  of  the 
whelk  tribe  shows  that  they  are  comjjosed  wholly  of  arago- 
nite, the  composition  of  the  whole  shell  of  the  early  indi- 
\iduals  of  the  race  being  identical  with  that  of  the  embryo 
of  their  modern  representative. 

It  was  long  since  observed  that  in  fossiliferous  beds 
which  are  permeable  to  water,  certain  calcareous  shells  are 
preserved,  whilst  others  are  only  represented  by  their  im- 
pressions. This  is  the  more  remarkable,  because  some  of 
the  most  massive  sheila  have  disappeared  whilst  others  oi 
delicate  structm-e  remain.  The  form  of  the  impression, 
enables  the  species  of  the  shell  to  be  identified,  and  it  is 
found  that  the  shells  which  have  been  removed  are  those 
of  species  known  to  secrete  their  carbonate  of  lime  as 
aragonite.  It  was  known  that  under  many  conditions 
aragonite  is  less  stable  than  ealcite,  and  it  was  assumed 
from  the  above  observations  that  aragonite  is  more  readily 
dissolved  than  ealcite  by  water  containing  carbonic  acid. 
A  few  years  ago  this  point  was  made  the  subject  of  expe- 
rimental investigation,  with  somewhat  singular  results. 
Pure  and  well  crystallized  specimens  of  ealcite  and  arago- 
nite were  subjected  to  the  action  of  a  solution  of  carbonic 
acid  under  similar  conditions.  No  difference  of  solubility 
was  detected.  Powdered  ealcite  and  aragonite  fossil  shells 
gave  a  like  result.  It  was  found,  however,  when  the  com- 
plete shoUs  were  suspended  in  a  solution  of  carbonic  acid, 
that  those  of  aragonite  were  much  more  readily  acted  upon 
than  those  of  ealcite,  and  further  that  the  coherence  of 
the  shells  was  soon  destroyed,  so  that  the  slightest  agita- 
tion of  the  water  was  sufficient  entirely  to  disintegrate  the 
shell,  reducing  it  to  the  condition  of  a  fine  powder  or  mud. 
The  disappearance  of  aragonite  fossils  is  explained  by 
these  experiments ;  it  is  due  not  to  the  greater  solubility 
of  aragonite,  but  to  a  mode  of  structure  of  shells  composed 
of  aragonite  which  facilitates  their  solution  and  disin- 
tegration. 

The  experiments  gave  somewhat  unexpected  results  also 
in  the  case  of  ealcite  fossils.  It  was  found  that  they  were 
acted  upon  with  considerable  rapidity  by  the  solution  of 
carbonic  acid,  but  that  they  retained  their  compactness, 
and  even  the  delicate  details  of  marking,  after  losing  as 
much  as  15  per  cent,  of  their  weight  through  the  action  of 
the  solvent.  It  is  thus  evident  that  the  ealcite  fossils 
found  in  porous  or  iJermeable  beds  simulate  an  immunity 
from  the  action  of  carbonic  acid  which  they  do  not  in 
reality  enjoy.  In  such  beds  as  these  a  large  quantity  of 
carbonate  of  lime  goes  into  solution,  and  cavities  are 
formed  having  the  shape  of  the  fossils  which  have  been 
removed.  It  frequently  happens  that  at  a  subsequent 
period  carbonate  of  lime  crystallizes  out  from  solution  in 
these  cavities.  When  crystallization  takes  place  at  the 
ordinary  temperature  ealcite  is  formed,  a  fact  which  is 
readily  established  by  laboratory  experiments.  Conse- 
quently casts  are  formed  in  ealcite  of  aragonite  fossils. 
They  are  readily  distinguished  from  the  originals  by  their 
translucency,  aragonite  fossils  being  always  opaque.  Thus 
the  beautiful  ainmunitfs  often  found  of  a  material  resembling 
fine  alabaster  are  repliquas  only,  no  trace  of  the  original 
aragonite  shell  remaining.  Many  other  such  cases  occur. 
In  conclusion,  we  may  point  out  that  the  investigation 
of  the  subjects  dealt  with  in  this  article  involves  the 
application  of  chemistry,  mineralogy,  and  pahvontology. 
The  work  has  been  taken  up  from  time  to  time  by  students 
of  one  or  other  of  these  sciences,  but  the  subject  as  a  whole 
belongs  to  a  sort  of  no-man's  land  in  science.    The  border- 
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Intaglio  Picture  of  the  Front  of  the  Temple  of  Ramf.ses  II. 
As  it  existed  at  the  time  of  its  dedication  to  Amun-Ra.     Uncovered  7th  January,  1891. 
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lands  of  the  different  sciences  are  apt  to  be  somewhat 
neglected,  but  often  yield  a  fruitful  harvest  to  an  investi- 
gator properly  equipped  for  his  work. 


EXCAVATIONS  AT  LUXOR. 

By  Canon  Isaac  Taylor. 

LUXOR  is  one  of  four  or  five  \-iIlages  occupying 
portions  of  the  site  of  Thebes,  at  one  time  the 
greatest  city  in  the  vi'orld.  These  villages,  mere 
collections  of  mud  huts,  were  built  in  the  cham- 
bers and  against  the  walls  of  temples  and  palaces, 
which  were  grouped  in  certain  parts  of  the  area  of  the 
ancient  city.  The  word  Luxor  is  merely  a  corruption  of 
the  Arabic  name  El-Kusur,  which  means  "  the  palaces," 
and  was  applied  to  a  range  of  connected  temples  extending 
for  nearly  a  quarter  of  a  mile  along  the  eastern  bank  of 
the  Nile.  These  temples  were,  tUl  recently,  buried  under 
a  vast  mound  of  ilehris,  some  twenty  or  thirty  feet  in 
height,  consisting  of  broken  pots,  the  refuse  of  habitations, 
and  the  crumbled  mud  bricks  of  successive  huts  and 
houses  of  unburnt  brick  which  had  accumulated  during 
the  last  1,400  years.  The  sections  of  these  refuse-heaps 
show  in  some  places  fifteen  to  eighteen  strata,  the  strata 
representing  successive  houses,  each  built  on  the  ruins  of 
a  house  which  had  formerly  occupied  the  site.  By  the 
means  of  the  new  tourist  tax — a  tax  of  £1  now  levied  on 
each  visitor  who  ascends  the  NQe — these  temples  are 
rapidly  being  cleared  from  the  rubbish  which  is  piled  up 
in  their  courts  and  colonnades,  and  the  sculptured  scenes 
which  cover  the  walls  are  being  daily  exposed  to  \'iew. 

During  the  present  season,  1890-91,  the  great  temple 
of  Eameses  II.,  the  Pharaoh  of  the  Oppression,  has  been 
nearly  cleared.  Outside  the  northern  portal,  which  fronts 
the  Nile,  are  two  colossal  statues  of  Eameses,  monoliths 
of  red  granite  in  a  standing  position  ;  while  tlie  more  im- 
portant entrances,  those  to  the  east  and  the  west,  are  each 
guarded  by  two  seated  statues  of  the  same  king,  mono- 
liths of  black  granite.  The  scale  is  rather  more  than  six 
times  the  size  of  life,  and  as  each  statue  is  surmounted  by 
the  lofty  crown  of  Upper  Egypt,  they  would,  if  in  an  erect 
position,  have  represented  figures  nearly  forty  feet  in 
height.  Unfortunately  most  of  them  have  been  defaced 
by  iconoclastic  zeal,  the  faces  especiaUy  being  mutilated. 
In  one  case,  however,  the  destroyers,  instead  of  mutilating 
the  features,  succeeded,  with  the  aid  of  wooden  wedges 
inserted  into  holes  bored  behind  the  neck,  in  detaching 
the  whole  of  the  head.  In  its  fall  the  head  broke  in  two 
pieces,  the  crown  breaking  off  at  the  forehead.  In  the 
tirst  week  in  January  this  gigantic  crown,  about 
four  feet  in  height,  was  discovered  by  the  ex- 
cavators, and  a  few  days  later  they  came  upon 
the  head  itself,  the  face  being  absolutely  unin- 
jured, and  wearing  the  placid  smile  of  amused 
contempt  with  which  the  features  of  Rameses 
were  commonly  represented  by  the  sculptors  of 
his  court.  The  picture  to  the  right  hand  is  from 
a  photograph  taicon  a  day  or  two  after  the  head  was 
uncovered.  The  Arab  seated  beside  the  head  is  a  tall 
man,  not  far  from  six  feet  in  height. 

Two  days  before  this  discovery  was  made,  the  workmen 
uncovered  a  portion  of  the  inner  wall  of  the  temple,  on 
which  is  sculptured  a  most  interesting  representation  of 
the  dedication  of  the  completed  temple  to  Anmn-Ha.  On 
a  portion  of  tlio  wall,  about  six  feet  by  four,  we  find  in 
shallow  intaglio  a  picture  of  the  temple  as  seen  from  out- 
side the  western  pylons,  a  picture  which  disposes  of  sundry 


conjectural  restorations  of  Egyptian  temples,  and  shows 
how  the  pylons,  obelisks,  and  flag-masts  were  arranged. 

The  picture  engi'aved  upon  the  wall  is  on  a  scale  of  about 
1  to  22.  It  shows  the  two  gigantic  pylons,  which  have 
suffered  Uttle  injury,  and  between  them  is  the  lofty  portal,. 


This  Sketch  is  the  same  as  the  Intaglio  Pictdke  of  the 
Fkont  of  the  Temple  in  the  Photograph. 

which  has  now  entirely  disappeared.  In  front  of  each  of 
these  pylons  stood  an  obelisk  of  red  granite.  That  to  the 
left  is  still  standing,  though  buried  for  about  a  third  of  its 
height  in  rubbish.  The  fellow  obelisk  to  the  right  is  now 
in  the  Place  de  la  Concorde,*  at  Paris.  Two  gigantic 
masts,  bearing  flags,  stood  in  front  of  each  pylon.  The 
stone  attachments  for  these  masts  can  still  be  traced.  To 
judge  by  the  scale,  the  masts  must  have  been  more  than 
seventy  feet  in  height,  and  the  flags  must  have  floated 
fi-om  them  at  about  the  height  of  the  pylons.  The  pylons 
were  guarded  by  six  colossal  statues  of  Rameses — two  in. 
a  sitting  posture,  and  foiu'  erect.  The  seated  figures  are 
now  nearly  buried  in  rubbish,  leaving  the  heads  only 
above  ground.  Of  the  standing  statues  the  one  farthest 
to  the  right  has  been  dug  out,  and  is  in  fair  preservation, 
the  accumulation  of  soO  having  reached  above  the  head. 
Of  the  next  standing  statue  nothing  remains.  Of  the  two 
standing  colossi  to  the  extreme  left  in  the  picture  nothing 
can  be  seen  ;  but,  as  the  soil  is  undistui'bed,  they  may 
possibly  be  foimd,  either  in  fragments  or  in  xitu,  when  the 
excavators  have  reached  that  portion  of  their  task. 

The  picture  has  decided  another  interesting  point. 
From  other  temples  it  is  known  that  the  pylons  were 
provided  with  internal  staircases  by  which  tlieir  summits 
could  be  reached.  Within  the  last  fortnightf  the  excava- 
tors have  discovered  the  internal  staircase  leading  to  the 
summit  of  the  great  temple  of  Eameses  UI.  at  Medinet 
Haboo.  Now  it  will  be  observed  in  the  drawing  that  near 
the  foot  of  each  of  the  obelisks  three  steps  are  indicated, 
and  these  must  be  the  lowest  steps  of  the  staircases  which 
led  to  the  summits  of  the  pylons.  AVe  know,  therefoi-e, 
that  by  the  removal  of  some  twenty  feet  of  rubbish  the 
excavators  will  come  upon  tlie  entrance  to  the  staircase, 
which,  it  may  be  hoped,  will  prove  so  far  uninjured  as  to 
make  the  ascent  practicable. 

It   may   be   mentioned   that    the  western  faces  of  the 

*  The  actual  height  of  the  obelisk  in  Paris  is  S2  feet,  while  the 
representation  of  it  in  the  wall  picture  is  45  inches  high,  giving  1  to 
22  as  the  scale.  The  masts  must  have  been  something  like  SO  feet 
high.     Where  did  Uameses  obtain  such  timber  ? 

t  The  article  was  -.vritten  by  Canon  Taylor  at  Luxor,  and  posted 
20th  January  Ib'.IO. — A.  C.  1\anvaki>. 


70 


KNOWLEDGE 


[April   I,  1891. 


pylons  are  covered  with  battle-scenes,  representing  the 
Syrian  campaign  of  Eameses  II.,  including  the  battle 
under  the  walls  of  the  city  of  Kadosh  on  the  Orontes. 

In  the  interior  of  the  temple,  in  addition  to  the  seated 
colossi  already  mentioned,  eleven  gigantic  standing  statues 
in  red  granite  have  already  been  unearthed,  and  there 
must  be  three  more  beneath  the  floor  of  a  mosque  which 
still  occupies  the  south-western  corner  of  the  temple. 
These,  on  accoimt  of  the  religious  prejudices  of  the  people, 
cannot,  for  the  present  at  least,  be  imearthed. 

The  mutilation  of  the  faces  of  the  figures  is  probably 
due  to  the  fanaticism  of  the  early  Christian  hermits  of  the 
Thebaid,  who  regarded  them  as  idols.  Fortimately  there 
is  no  such  danger  from  the  Moslems,  who,  though  icono- 
clasts, do  not  regard  the  statues  as  images  or  idols,  but 
believe  that  they  are  the  bodies  of  their  own  ancestors, 
who,  as  a  punishment  for  their  sins,  were  turned  into 
stone  by  Allah.  The  other  day  one  of  these  statues  was 
imearthed,  and  the  next  day  at  early  dawn  three  Arab 
women  were  found  solemnly  walking  round  it,  and  per- 
forming suitable  funeral  cei'emonies,  as  if  around  the  body 
of  one  of  their  own  dead. 


The  following  extract  from  a  translation  of  a  private 
letter  addressed  by  M.  Grebaut,  director-general  of  the 
excavations,  to  his  learned  predecessor,  Professor  G. 
Maspero,  of  Paris,  was  printed  in  the  Times  of  March  2  : — 

"  Ha%dng  found,  in  situ,  at  Deir-el-Bahari,  a  royal 
sarcophagus  of  a  queen,  and  seeing  that  the  surrounding 
ground  had  not  been  disturbed,  I  thought  it  worth  while 
to  make  further  excavations  on  the  spot. 

"  At  a  depth  of  15  metres  we  came  upon  the  door  of  a 
rock-cut  chamber,  in  which  were  piled,  one  above  the 
other,  180  mummy-cases  of  priests  and  priestesses  of 
Amen,  together  with  a  larger  number  of  the  usual  funerary 
objects,  including  some  fifty  Osirian  statuettes.  Of  these, 
we  at  once  opened  ten,  finding  a  papyrus  in  each. 

"  There  are  a  great  many  enormous  wooden  sarcophagi, 
C(mtaining  mummies  in  triple  mummy-cases,  aU  very 
richly  decorated.  Among  these  we  have  found  a  priest 
of  Aah-hotep.  These  sarcophagi  are  of  the  time  of  the 
21st  dynasty.  What  we  have  found  is,  therefore,  a 
'  cache  '  of  the  same  period  as  that  of  the  royal  mummies 
discovered  in  1881,  and  made  by  the  same  priests  of 
Amen. 

"  Notwithstanding  that  the  soil  has  remained  untouched 
for  3,000  years,  some  of  these  sarcophagi  are  broken,  and 
manj'  of  the  gilded  faces  of  the  superincumbent  efSgies 
are  injured.  The  way  in  which  they  are  piled  up,  their 
damaged  condition,  and  the  general  disorder,  point  to  a 
hurried  and  wholesale  removal,  as  in  the  case  of  the  royal 
mummies.  We  find,  for  instance,  a  mummy-case  in- 
scribed with  one  name,  enclosed  in  a  sarcophagus  inscribed 
with  another,  while  probably  the  inner  cases  may  prove 
to  belong  to  a  mummy  with  a  name  diil'ering  from  both. 
May  we  here  hope  to  find  some  royal  miimmies  for  which 
there  was  not  space  in  the  vault  discovered  ten  years  ago  ? 
I  scarcely  dare  to  hope  it. 

"  At  a  first  glance  it  would  seem  as  if  the  high  priests 
had  abstained  from  burying  the  mummies  of  their  more 
humble  predecessors  with  those  of  royalty.  Everything 
must,  however,  be  opened  and  studied. 

"  About  midway  in  the  shaft  now  open  may  be  seen  the 
door  of  an  upper  vault ;  and,  to  judge  by  certain  indica- 
tions, there  is  also  probably  an  intermediate  vault ;  had 
we,  however,  only  the  180  sarcophagi  contemporary  with, 
or  anterior  to,  the  21st  djmasty,  it  would  be  a  magnificent 
haul,  the  greater  number  of  the  sarcophagi  being  really 


splendid  and  in  perfect  preservation.  There  are  also 
some  charming  things  among  the  minor  objects. 

"The  name  has  been  purposely  erased,  or  washed  off, 
from  several  of  the  large  sarcophagi,  and  the  place  left 
blank,  as  if  the  scribe  had  not  had  time  to  fill  in  that  of 
the  new  occupant ;  but  we  may  probably  find  the  names 
of  those  later  occupants  on  their  inner  mummy-cases. 
One  of  the  largest  of  these  sarcophagi  is  surcharged  with 
the  name  of  the  High  Priest  of  Amen,  Pinotem. 

"  As  soon  as  we  have  cleai'ed  the  lower  vault  I  shall 
attack  the  upper  chamber,  or  chambers." 


ILcttcrs. 


[The  Editor  does  not  hold  himself  responsible  for  the  opinions    or 
statements  of  correspondents.] 


PERPETUAL  CALEXD.A.RS. 
To  the  Editor  of  Knowledge. 
Sir, — I  was  much  interested  in  Mr.  Prince's  calendar, 
inasmuch  as  I  designed  one  myself  on  much  the  same 
lines  a  few  years  since.  Mine,  however,  seems  to  have 
some  advantages  for  finding  the  days  of  the  week  in  past 
centuries  (especially  in  the  Old  Stjde).  I  therefore  en- 
close a  copy  and  the  rules  for  using  it,  in  case  j'ou  should 
think  it  of  sufficient  interest  to  reproduce  for  the  readers 
of  Knowledge. — Your  obedient  servant, 

Akxold  S,  Hansakd. 


Rules  for  Using  the  Table. 

I. — The  numbers  in  the  ring  next  within  the  names  of 
the  months  are  the  last  two  figures  of  the  years  ;  the 
numbers  in  the  ring  next  inside  this  are  the  days  of  the 
month.  The  numbers  on  the  movable  disc  refer  to  the 
first  two  figures  of  the  years  {i.e.  when  the  given  date  is 
within  the  years  1700  and  2099  N.S.). 

II. — To  "find  the  day  of  the  week  of  any  given  date 
(N.S)  where  the  first  two  figures  of  the  year  are  given  on 
the  movable  disc ;  firstly,  bring  that  number  opposite  to 
the  last  two  figures  of"  the  given  year ;  secondly,  note 
which  day  of  the  week  is  thus  brought  imder  the  small 
arrow  at  "the  top  of  the   movable  disc,  and  bring  that  day 
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of  the  week  under  the  required  month.  The  days  of  the 
week  are  now  opposite  their  proper  days  of  the  month. 

III. — If  the  year  is  given  in  thick  figures  it  is  a  Leap 
Year,  and  tlie  -tanuary  and  February  in  thick  letters  must 
be  used  ;  in  other  cases  the  plain  .January  and  February 
must  be  used. 

IV. — The  table  may  be  used  for  any  other  centuries 
(N.S.),  the  calendar  being  repeated  every  fourth  centixry. 
Thus  1600-1699  is  identical  with  2000  ;  2100  with  1700  ; 
2200  with  1900,  &c. 

V. — For  Old  Style  dates,  in  the  first  motion  of  the  disc, 
the  day  of  the  week  given  in  the  following  table  must  be 
set  opposite  to  the  given  year ;  the  second  motion  being 
the  same  as  in  New  Stj'le  dates  : — 


andreds  (Old  Stylo). 

—  18       11 

—  17       10 

—  16         9 

—  1.5         8 

Division  of  Disc. 
Sunday 
Monday 
Tuesday 
Wednesday 

—       14 
20       13 
19       12 

7 
&c. 

Thursday 

Friday 

Saturday 

N.B.— That  the  years  1600,  1700,  1800,  &c.,  are  all 
leap  years,  O.S. ;  but  only  every  fourth  of  them,  e.y. 
1600,  2000,  2400,  &c.,  are  leap  years  according  to  N.S. 


THE  MAGIC  SQUARE  OP  FOUR. 
To  the  Editor  of  Knowledge. 
Dear  Sib, — For  the  sake  of  accuracy,  I  should  like  to 
point  out  a  mistake  in  my  estimate  of  the  number  of 
varieties  of  type  D.  The  types  A,  1>  and  D  are  mutually 
convertible  by  a  few  simple  transpositions,  and  therefore 
must  have  the  same  number  of  varieties.  Now  it  is 
mathematically  demonstrable  that  there  can  be  only  48 
varieties  of  A  and  B  ;  hence  there  must  be  just  48  of  D. 
How  it  happened  I  wrote  96  I  do  not  know. 

On  the  other  hand,  Mr.  Cram  tells  me  he  can  make  56 
each  of  G,  I,  .J,  and  L.  Consequently,  we  are  still  32 
short  of  Freniele's  total  of  880. 

T.  S.  Barrett. 

To  the  Editor  of  Knowledge. 

Dear  Sir, — In  reading  Mr.  -J.  Pentland  Smith's  very 
interesting  article  on  "  Contrivances  for  the  Cross-Fertili- 
zation of  Plants,"  ,  in  Knowledge,  Feb.  2,1891,1  have 
been  completely  puzzled  by  the  following  problem  : 

In  speaking  of  the  case  of  Aspidistra  elatior,  Mr.  Smith, 
either  in  his  own  words  or  quoting  Dr.  Wilson,  says  in 
effect : — 

(I.)  There  is  no  access  to  the  pollen  until  the  stigma  is 
fertilized. 

(II.)  Fertilization  cannot  be  effected  until  pollen  has 
been  deposited  on  the  stigma. 

>Vluit  I  want  to  know  is  :  How  is  the  first  flower  fer- 
tilized, so  as  to  commence  the  process  ? 

Yours  faithfully, 

F.  .].   Pkovis. 

Coleford,  Gloucester,  16th  March  1891. 

[Until  the  decay  of  the  stigma  the  slugs  cannot  get  to 
the  pollen.  One  can  easily  imagine  that  sooner  or  later 
the  stigma  of  the  first  flower  of  the  season  will  decay, 
whether  pollenated  or  not,  and  that  then  access  can  be 
obtained  to  the  pollen  below.  Pollenation,  that  is  the 
resting,  and  ultimate  germination  of  the  pollen  on  the 
stigma,  precedes  fertilization  in  all  Angio-sperms  or  plants 
wliicli  have  their  seeds  enclosed  by  the  carpels. — J.  P. 
Smith.] 


STELLAR   SPECTRA. 

By  E.  W.  Maunder,  F.E.A.S.  {Assistant  superintendiiu/  the 
Spectroscopic  Department  of  (ireeninch  Observatory). 

WHEN  the  publication  of  Dr.  Elkin's  determina- 
tion of  the  parallax  of  Arcturus  rendered  it 
probable  that  we  must  class  this  star  as  one 
of  the  most  distant  of  its  magnitude,  it 
became  clear  to  me,  as  I  tried  to  show  in  the 
February  number  of  Knowledge,  that  it  must  be  of  most 
gigantic  size,  and  must  move  with  most  amazing  swift- 
ness. But  a  fiu'ther  point  for  inquiry  also  suggested  itself. 
If  Arcturus  be,  as  would  appear  to  be  the  case,  the  star 
which  actually  gives  the  most  light  of  any  we  know  of  at 
present,  then  its  spectrum  should  be  typical  of  the  largest 
and  hottest  stars,  whereas  it  has  been  customary  to  regard 
it  as  of  a  markedly  lower  class. 

The  subject  of  the  classification  of  stellar  spectra  has 
been  occupying  special  attention  of  late  ;  it  may,  there- 
fore, be  worth  while  to  see  if  any  further  light,  however 
feeble,  can  be  thrown  on  the  matter  from  the  point  of  view 
suggested  by  the  magnitude  of  Arcturus. 

The  earliest  classification  of  stars  was  effected  by  Sir 
W.  Herschel,  who  grouped  them  according  to  their 
colours  ;  the  only  arrangement  possible  at  a  time  when  the 
spectroscope  was  still  undreamed  of,  but  a  real  step,  never- 
theless, towards  the  more  delicate  discrimination  which 
that  instrument  renders  possible.  Fraumhofer,  in  his  en- 
deavours to  solve  the  secret  of  the  spectrum,  noted  the 
strongly  marked  diflerences  between  the  spectra  of  diflerent 
stars,  and  drew  the  important  conclusion  that  the  dark 
lines  which  crossed  them  were  due  to  something  in  the 
stars  themselves,  and  not  to  any  effect  of  our  own  atmo- 
sphere, or  any  absorption  of  light  in  space.  But  the  first 
spectroscopic  classification  of  stars  was  due  to  Rutherford 
in  America,  and  Secchi  in  Em-ope.  The  latter,  as  was 
inevitable  in  beginning  so  new  a  research,  made  several 
alterations  from  liis  first  scheme  ;  but  his  final  classification 
divided  the  stars  into  "  types  "  of  spectrum  as  follows  : — 

Type  I. — The  white  and  bluish  white  stars,  like  Sirius 
and  Vega.  The  spectra  in  this  type  show  the  four  lines  of 
hydrogen  intensely  dark,  broad,  and  with  diffused  and 
shaded  edges.  Metallic  lines  are  faint  and  narrow,  and 
not  easily  seen.  The  principal  stars  of  Orion  form  a 
variety  of  this  type,  in  which  the  hydrogen  lines  are  much 
less  marked,  and  much  narrower  than  in  other  stars  of  the 
first  type. 

Type  II.  embraces  the  yellowish  stars,  such  as  our  Sun, 
Arcturus,  and  Aldebaran.  The  hydrogen  lines  are  well 
seen,  but  narrow  and  fairly  sharp  ;  the  entire  spectrum  is 
full  of  well-marked  metallic  lines,  some  of  which  are  more 
pronounced  than  the  lines  of  hydrogen. 

The  stars  of  Type  III.  arc  mostly  orange  in  hue ; 
o  Ononis  and  a  Herculis  are  the  best  examples.  The  hydro- 
gen lines  are  faint,  or  no  longer  seen  ;  but  a  succession 
of  dark  bands,  dark  and  sharp  towards  the  violet,  and 
shading  away  into  nothingness  towards  the  red,  makes  this 
type  of  spectrum  the  most  strongly  marked  and  the  most 
beautiful  of  any. 

Type  IV.,  the  stars  of  which  are  mostly  red,  also  shows 
a  banded  spectrum,  but  the  bands  fade  off  in  the  opposite 
direction  to  those  of  Tj-pe  III. 

Secchi  further  called  attention  to  the  existence  of  a 
couple  of  stars  showing  briijlit  lines  in  their  spectra,  the 
forerunners  of  a  fifth  type ;  and,  a  little  later,  the  dis- 
covery by  MM.  Wolf  and  Rayet  of  a  curious  group  of 
stars  in  Cygiius  added  a  sixth  type. 

Secchi's  classification  was  purely  an  observational  one, 
and  it  was  independent  of  theoretical  considerations  as  to 
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the  iis|iritivc  ages  in  the  evolution  of  a  normal  star  which 
the  diUereut  types  might  represent.  For  it  was  naturally 
felt  that  there  must  be  growth  and  development  amongst 
stars  as  amongst  animals  and  plants.  A  star  must  have 
its  birth,  its  periods  of  growth,  full  vigour,  and  decay, 
closing  in  the — 

Last  scene  of  all 
That  ends  this  strange,  eventfnl  history, 

a  dark,  cold  body,  incapable  of  giving  light  and  heat  to 
other  worlds,  or  of  sustaining  life  upon  its  own  surface. 
And  naturally  the  attempt  was  made  to  connect  these 
different  types  of  spectrum  with  the  various  stages  of 
stellar  life-history.  Zollner  seems  to  have  been  the  first 
to  suggest  that  the  white  stars  were  the  hottest,  and  that 
the  yellow  colour  of  the  stars  of  the  second  type  showed 
that  they  had  advanced  some  way  in  the  process  of  cooling 
down.  Angstrom  suggested  that  the  shaded  bands  of  the 
orange  stars  indicated  the  formation  of  compoimd  bodies 
in  their  atmospheres,  consequent  on  the  lowering  of  tem- 
perature ;  and  Lockyer,  a  little  later,  expressed  the  same 
views  still  more  definitely.  "  The  hotter  the  star,  the 
simpler  its  spectrum,"  he  said  ;  "  and  the  older  a  star, 
the  more  does  the  free  hydrogen  disappear  from  it." 
Vogel,  more  recently,  being  dissatisfied  with  Secchis  mode 
of  grouping  stellar  spectra,  devised  a  more  elaborate  one, 
the  principal  change  from  Secchi's  system  of  Types  being 
that  \'ogel  makes  Types  111.  and  IV.  varieties  of  the  same 
Class  111.  The  leading  thought  in  this  new  classification 
was  that  all  stars  have  at  one  time  or  another  been  of  the 
first  or  Sirian  Type,  all  will  pass  through  the  second  or 
Solar  Type  ;  but  after  passing  this  stage  the  star  may  either 
show  a  spectrum  hke  that  of  a  Herculis,  or  like  that  of 
the  small  red  stars.  The  road  diverges  here  ;  the  majority 
follow  the  path  which  Antares,  Betelgeuse,  and  the  btcidn 
of  Hercules  have  taken  ;  but  a  few,  especially  the  stars  in 
two  small  groups  on  the  Jlilky  Way,  prefer  to  gi\e  spectra 
in  which  the  bands  are  sharpest  to  the  red,  and  shade  off 
towards  the  violet. 

It  was  well  objected  to  this  scheme  that  it  made  no 
pro\-isiou  for  a  period  of  increasing  temperature  in  a  star. 
Stars  are  certainly  not  brought  forth  from  nebulie,  like 
Pallas  Athene  from  Jupiter,  fully  developed  and  equipped 
with  their  whole  armoury  of  light  and  heat.  There  is 
evidently  a  time  during  which  the  surface  brilliancy  in- 
creases, and  this  probably  corresponds  with  a  time  during 
which  the  mean  temperature  must  be  increasing.  Besides, 
the  place  assigned  to  the  red  stars  was  a  perfectly  arbitrary 
one.  We  know  that  the  First  and  Second  Types  are  con- 
tiguous stages,  whichever  be  the  earlier ;  for  stars  hke 
Procyon,  Rigel,  Spica,  Polaris,  a  Cygni,  and  others,  supply 
examples  of  almost  every  possible  gradation,  from  the 
unmistakable  Sirian  to  the  complete  Solar  form.  So, 
again,  Aldebarau,  Betelgeuse.  and  many  others  form  a 
series  of  links  connecting  the  Second  and  Third  Types  ; 
but  until  recently  the  Fourth  Type  stood  alone.  There 
are  no  instances  of  stars  whose  spectra  leave  us  in  doubt 
as  to  whether  the  Fourth  Type  or  some  other  is  the  more 
strongly  represented ;  there  are  no  intermediate  forms. 
It  is  therefore  a  pure  assumption  to  assert  that  this  pai-- 
ticular  kind  of  spectrum  is  either  the  next  stage  to  the 
Solar  Type  or  that  it  is  an  alternative  stage  to  the 
a  Herculis  Type. 

The  most  recent  classification  is  that  of  Lockyer,  and 
he  certainly  avoids  one  of  the  objections  to  which  Vogel's 
is  open.  The  Sirian  Type  is  still  taken  as  that  of  the 
hottest  stars,  but  he  breaks  up  the  Solar  Type  into  two 
groups ;  the  one  showing  rising,  and  the  other  falling 
temperature.  The  course  of  evolution,  according  to  his 
plan,  is :    Group  I.,    the  nebular  stage ;    Group  11.,  the 


orange  star,  or  a  Herculis  stage  ;  Group  HI.,  the  a  Cygni 
stage,  including  some  spectra  of  Secchi's  Type  11. ;  Group 
IV.,  the  Sirian  stage  ;  Group  V.,  the  Solar  stage,  including 
the  rest  of  Secchi's  Type  II.  stars  ;  Group  VI.,  the  red 
star  stage;  Group  VII.,  the  dark  stage.  The  position 
assigned  to  the  red  stars  is,  of  course,  as  much  a  matter 
of  assumption  on  Lockyer's  plan  as  on  Vogel's.  The 
former  has,  however,  this  advantage  over  his  predecessors, 
in  that  it  corresponds  to  the  probable  stages  of  growth  as 
well  as  those  of  decay.  The  Sirian  stars,  which  he,  in 
common  with  almost  every  theorist,"  regards  as  the 
hottest  and  largest,  mark  not  only  the  commencement  of 
a  fall  in  temperature,  but  the  conclusion  of  a  rise.  We 
are  saved  the  difficulty  of  assuming  the  Sirian  phase  to  be 
that  in  which  all  stars  were  originally  created,  and  from 
which  they  have  only  changed  by  degradation. 

But  in  all  these  systems  the  supremacy  of  the  Sirian 
Type  is  assumed,  not  proved,  and  it  has  been  well  pointed 
out  that  it  is  quite  possible  to  read  the  record  the  other 
way,  and  to  argue  that  the  ruddy  stars  are  the  hottest, 
and  that  the  orange,  yellow,  and  bluish  tints  are  o\-idences 
of  a  progressive  decline  in  temperature.  It  is  a  question, 
therefore,  of  much  importance  to  see  if  any  positive 
information  can  be  given  us  on  the  subject. 

Two  circumstances  have  greatly  operated  to  the  present 
view.  Firstly,  that  a  solid  body  raised  to  incandescence 
first  glows  with  a  ruddy  hue,  and  then,  as  the  tempera- 
ture increases,  so  the  colour  changes  to  orange,  yellow, 
white,  or  blue  ;  and  it  was  very  natural,  though  scarcely 
scientific,  to  extend  the  analogy  to  the  stars.  For  a  stellar 
spectrum  shows  us  by  the  continuous  band  of  colour,  in- 
terrupted by  dark  bands,  that  the  light  we  receive  is  not 
the  whole  of  the  Ught  the  star  emits,  but  that  it  has 
sufl'ered  absorption  in  the  atmosphere  of  the  star  itself ; 
and  it  is  m  the  difi'erences  of  the  quality  and  amount  of 
this  absorption,  and  not  in  the  differences  of  the  original 
light  of  the  star,  that  we  find  the  tests  for  distinguishing 
one  type  from  another.  That  is  to  say,  it  is  by  the  dark 
lines  or  bands,  and  not  by  the  continuous  spectrum,  that 
we  classify  the  stars.  The  difference,  therefore,  between 
the  Sirian  and  Solar  stars  lies  not  in  their  photospheres, 
but  in  their  absorbing  atmospheres.  For  Sirius  such  ab- 
sorption is  almost  confined  to  hydrogen,  the  influence  of 
which  is  excessively  marked  ;  but  for  the  Sun,  Arcturus, 
and  their  congeners,  twenty  or  thirty  elements  have  im- 
pressed the  spectrum  with  the  evidences  of  their  presence. 
Given  that  two  stars  of  these  two  Types  are  at  the  same 
distance  from  us,  and  that  they  appear  to  shine  with  the 
same  amount  of  light,  surely  the  star  which  displays  the 

*  In  this,  as  in  other  departments  of  science,  the  inductive  method 
is  the  only  safe  one,  and  a  few  observed  facts  are  preferable  to  any 
number  of  theories  founded  on  assumed  conditions.  The  physical 
connection  of  the  trapezium  stars  with  the  Orion  nebula,  and  the 
stars  of  the  Pleiades  cluster  with  the  Pleiades  nebula,  can  hardly  be 
doubted  :  and  if  the  nibular  stage  is  the  first  one  in  a  star's  history,  we 
have  evidence  that  three  diflferent  classes  of  spectra  are  exhibited  by 
stars  involved  in  nebulous  matter.  In  all  three  the  hydrogen  lines, 
or  some  of  them,  are  conspicuous,  but  the  spectra  are  considerably 
more  complicated  than  those  of  stars  usu.ally  ranked  as  belonging  to 
Secchi's  First  Type.  The  spectra  of  the  trapezium  stars  appear  to 
be  crossed  with  bright  lines  similar  to.  but  more  intense  than,  the 
bright  lines  of  the  Orion  nebula  around  them  ;  the  hydrogen  lines  are 
not  hazy  and  diffused  as  in  Secchi's  First  Type,  but  comparatively 
narrow  and  sharp.  The  two  classes  of  spectra  in  the  Pleiades  gi-oup 
each  include  stars  of  various  magnitudes  ;  and  if  we  may  assume 
that  all  the  stars  of  the  Pleiades  group  are  of  the  same  age,  we  must 
conclude  thiit  the  two  classes  of  spectra  do  not  correspond  to  different 
stages  of  cooling.  The  star  which  appeared  in  the  Andromeda  nebula 
in  1885  seems  to  have  had  a  spectrum  terminating  abruptly  at  the 
red  end,  as  well  as,  according  to  some  observers,  very  faint  bright 
lines,  which  are  asserted  to  exist  in  the  Andromeda  nebula  spectrum. 
The  ifacts  brought  together  by  Mr.  Maunder  in  this  paper  should  check, 
too  precipitate  theorists. — A,  C.  Ranyaiu>. 
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greatest  indications  of  absorption  in  itS  spectrum  must  be 
actually  emitting  the  greatest  amount  of  light  from  its 
photosphere.  ■■  And,  to  say  the  least,  it  is  arguable  that 
the  fuller  development  of  the  metallic  spectra  in  stars  of 
the  Second  Type  shows  a  higher  temperature,  not  a  lower 
one.  It  is  conceivable,  not  to  put  it  more  strongly,  that 
an  intenser  heat  may  in  these  stars  keep  metals  in  the 
state  of  absorbing  gas,  and  at  a  higher  atmospheric  level, 
which  in  Siriau  stars  are  precipitated  at  or  below  the 
photosphere,  and  so  give  no  sign  of  their  presence.  At 
all  events,  we  can  feel  well  assured  that  the  temperature 
of  the  Solar  stars  is  very  high,  for  not  only  do  we  find  the 
metallic  lines  in  the  visible  spectrum,  but  we  tind  them 
strongly  marked  and  numerous  far  in  the  ultra-violet,  a 
proof  that  even  in  the  reversing  layer  the  temperature  is 
high  enough  to  compel  the  metals  whose  gases  compose  it 
to  give  out  radiations  of  even  the  shortest  wave-lengths, 
and  to  give  them  out  strongly  and  unmistakably. 

The  other  circumstance  that  has  led  to  the  belief  that 
the  white  stars  are  the  hottest,  the  red  the  coolest,  is  that 
whilst  more  than  half  the  stellar  giants  are  of  the  first 
type,  there  are  only  two  Ist-magnitude  stars  of  the  third 
type,  and  the  brightest  of  the  fourth-type  stars  is  not  so 
bright  as  the  5tli-magnitude.  But,  again,  a  closer  con- 
sideration of  the  facts  leads  us  to  a  different  conclusion. 
Surely  we  have  no  right  to  assume  that  the  stars  are 
equally  distributed  amongst  the  various  Types.  If  they 
really  mark  different  stages  in  stellar  evolution,  some  may 
be  much  more  quickly  passed  than  others  ;  or  it  may  be 
that  but  few  stars  are  yet  old  enough  to  have  reached  the 
most  advanced  stage,  or  else  that  but  few  are  so  young  as 
not  to  have  passed  through  at  least  one  phase.  There  is, 
however,  a  simple  test  which  we  can  apply.  If  the  orange 
or  ruddy  stars  are  fainter  on  the  average  than  the  white 
and  yellow,  then  the  further  down  in  brightness  we  go 
the  larger  will  be  the  proportion  of  such  stars  observed. 
But  this  does  not  appear  to  be  the  case.  If  we  take  those 
stars  of  the  Oxford  Uranometria  which  are  above  the  5th 
magnitude,  and  have  been  classified  by  Secchi,  we  find 
them  thus  divided  : — 

Type  I.      Typo  II.      Type  III. 

Above      1st  mag.  ...  ...       5  2  1 

Between  1st  and  2nd  ...     11  -1  1 

„        2nd  and  3rd  .20  17  4 

Srdand-tth  ...     50  54  2 

4th  and  5th  ...     85  29  2 

121         lOG  10 

The  stn.rs  of  (hicm  and  of  tlie  Pleiades  which  have 
spectra  a  little  differing  from  the  normal  type,  have  never- 
theless been  included  under  Type  I.  Excluding  these,  and 
such  stars  as  were  outside  the  general  Oxford  limit  of 
North  Polar  Distance  (100°),  and  were  only  observed  on 
account  of  their  special  brightness,   we  find  that  for  the 

*  If  the  stars  are  all  composed  of  similar  materials  (as  has  been, 
perhaps,  too  hastily  assumed),  and  their  photospheres  are  clouds  of 
incandescent  particles.  The  temperature  of  their  photospheres 
could  not  exceed  the  liighost  temperature  at  which  the  most  refrac- 
tory materials  would  he  driven  into  vapour,  and  all  photospheres 
would  shine  with  equal  brightness.  That  there  are  differences  in 
the  apparent  brightness,  area  for  area,  of  stars  can  hardly  bo  doubted 
from  tlie  facts  wo  have  already  learnt  witli  regard  to  the  masses  of 
double  stars ;  such,  for  example,  as  Sirius  and  liis  companion,  and 
the  binaries  of  the  Algol  type. 

From  tho  facts  we  know  with  regard  to  our  own  sun  we  cannot 
suppose  that  tho  matter  of  gaseous  stars  is  stratillcd  at  different 
levels,  as  some  theorists  have  too  hastily  assumed.  For  on  the  sun 
tho  continuous  eruption  of  matter  from  below  the  photosphere  would 
sulliciontly  mix  the  gaseous  matter  by  transfer  in  mass,  if  we  could 
conceive  of  it  as  not  mixed  by  diffusion.  Any  apparent  stratilication 
can  only  be  duo  to  some  vapours  continuing  incandescent  at  lower  tem- 
peratures than  others. — A   C.  U.^nvaku. 


stars  north  of  10°  S.  Dec,  and  above  the  5th  magnitude, 

the  numbers  would  run  :  —  Type  I.    Type  II.    Type  III. 

Above       1st  mag.  ...  ...       2  2  1 

J5etween  1st  and  2ud  ...       8  4  0 

2Qd  and  3rd  ...     IH  17  4 

,,         3rd  and  4th  ...     45  54  2 

4th  and  5th  ...     33  29  2 

lOG         lOG  y 

It  would  seem  then  that,  within  these  Hmits,  the  first  and 
second  types  are  about  equally  numerous,  and  each  about 
twelve  times  as  abundant  as  the  third. 
,  Comparing  these  numbers  with  the  results  of  Vogel's 
and  Konkoly's  spectroscopic  surveys,  which  were  carried 
down  to  the  7i  mag.,  we  tind  that  they  give  out  of  6,073 
stars  examined  the  numbers  for  each  type  as  follows  : — 

Tvpe  I.  Type  II.  Tvpe  III.  Tvpe  IV. 

3,145  2,105  "  375  "  12 

besides  14  stars  of  the  Orion  variety  of  Type  I.  and  422, 
that  could  not  be  properly  classified  under  any  of  the  above 
heads. 

The  comparison  shows  that,  so  far  as  these  observations 
go.  Type  I.  has  a  small  preponderance  over  Type  II.  for 
the  higher  magnitudes,  but  that  this  preponderance  ceases 
between  the  3rd  and  4th  magnitudes  to  become  much 
more  marked  as  fainter  stars  are  included.  Three  con- 
clusions seem  to  be  fairly  deducible  from  this  result. 
First,  that  Sirian  stars  are  more  numerous  on  the  whole 
than  Solar  stars.  Secondly,  Solar  stars  are  on  the  average 
rather  brighter  than  the  Sirian  stars,  or  else  rather  nearer 
to  us.  Thirdly,  that  the  average  difference  in  the  bright- 
ness of  the  stars  of  the  two  Types  is  not  by  any  means  so 
great  as  we  should  expect  if  either  Type  marked  a  stage 
of  very  greatly  superior  temperature  to  the  other. 

Of  course  the  materials  I  have  used  are  very  incom- 
plete and  can  only  supply  indications,  and  not  proofs. 
Still,  it  may  be  worth  while  to  take  the  question  a  stao-e 
further,  and  see  what  light  paraUax  determinations  have 
to  throw  on  the  question. 

Taking  the  table  of  parallaxes  given  in  the  appendix  to 
Miss  Clarke's  Systcin  of  the  Stars — a  book  as  valuable  and 
instructive  as  it  is  charming  in  style — we  find  20  stars  the 
parallaxes  of  which  are  given,  and  which  are  found  in 
Secehi's  lists  of  star  Types.  Adding  Arcturus  we  have 
21,  of  which  nine  are  First  Type,  and  12  Second  Type 
stars.  Employing  the  Oxford  magnitudes  and  computing 
the  absolute  light-giving  power  of  each  star,  takmg  Sirius 
as  our  standard,  we  obtain  the  following  table  : — 
Sirian  Stars.  Solar  Stars. 

/3  Cassiopeia  .  0-29  a  Cassiopeiie  .  1-41 
a  Persei  .  .  1-90  rj  Cassiopeia'  .  t)-12 
Sirius  .  .  1-00  y8  Andromeda'  .  0-98 
Procyon  .  .  0'56  Polaris  .  .  4-45 
Kegulus  .  .  2-55  a  Arietis  .  .  1-39 
a  Lyno  .  .  48-35  Aldebarau  .  .  1-68 
a  Draconis  .       0-04         Capella       .         .       514 

a  Aquilffi    .         .       0(51         Pollux  .       ;-j-!)2 

a  Ce^jhei    .         .       1-GO         >/ Herculis.         .       0-15 
TT  Herculis  .       0-19 

€  Cygni  .  .  0-50 
Arcturus  .  .  147-00 
It  will  be  seen  at  once  that  two  stars  stand  out  from  all 
the  rest ;  \'ega  amongst  the  Sirian  stars  benig  noarlv  six 
times  us  bright  as  tho  other  eight  taken  together  :  and 
Arcturus,  amongst  the  Solar  stars,  more  than  seven  times 
as  bright  as  all  tho  eleven  others  taken  together.  In 
both  cases  tho  parallax  adopted  is  that  of  Dr.  Elkin, 
which  for  these  two  stars,  and  especially  for  \'oga,  differs 
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considerably  from  the  results  obtained  by  other  observers. 
The  mean  of  seven  other  faii-Iy  accordant  detenninatious 
of  the  parallax  of  Vega  would  give  its  intrinsic  light- 
giving  power  as  1'92.  In  any  case  the  two  stars  are 
evidently  exceptional,  and,  as  what  we  are  seeking  for  is 
an  average  i-esult,  may  well  be  left  on  one  side,  and  then 
the  remaining  stars  do  not  differ  extravagantly  in  bright- 
ness. The  mean  Sirian  star  would  then  have  a  light- 
giving  power  of  1'07;  the  mean  Solar  star  of  1*8  ;  a 
result  which  I  think  may  at  least  warrant  us  in  saying 
that  the  supposed  superiority  of  First  Type  stars  receives 
no  support  from  it. 

Yet  another  mode  of  attacking  the  problem  is  open  to 
us.  Binary  stars,  the  orbits  of  which  have  been  deter- 
mined afford  a  means,  as  Mr.  Monck  has  pointed  out,  of 
forming  some  idea  of  their  relative  brightness,  if  we  as- 
sume that  all  the  stars  in  question  are  spheres  of  equal 
density,  and  Mr.  Gore,  in  his  recent  "  Catalogue  of  Binary 
Btars,"  has  computed  this  relative  brilliancy  per  unit  of 
surface  for  most  of  the  fifty-nine  stars  whose  orbits  he 
gives.  The  result  is  a  curious  one.  All  the  stars  are,  as 
Mr.  Gore  himself  remarks,  either  First  or  Second  Type, 
and  there  is  a  well-marked  and  unmistakable  superiority 
of  the  First  over  the  Second.'''  Assuming  all  the  stars 
of  equal  density,  the  Sirian  are  about  six  times  as 
bright,  surface  for  surface,  as  the  Solar.  From  this  we 
may  infer  that  the  slight  superiority  in  total  radiating 
power  of  the  Solar  stars  is  not  due  to  greater  extent  of 
photosphere  in  proportion  to  their  mass,  but  that  the  very 
reverse  is  the  case ;  so  that  the  Solar  stars  do  not  merely 
emit  more  light  than  the  Sirian,  but  they  are  superior  to 
tiiem  in  a  yet  higher  proportion,  both  in  size  and  density. 
If  so,  we  may  regard  theorists  as  probably  right  when  they 
have  placed  the  Second  Type  stars  as  belonging  to  a  later 
stage  that  the  First ;  but  as  wrong  when  they  have  re- 
garded the  Sirian  stars  as  occupying  the  apex  of  the 
curve,  and  stars  like  our  sun  as  being  well  advanced  on 
the  road  to  decay. 

*  Except  in  the  case  of  one  star,  y  Leonis,  which  is  clearly  by 
far  the  brightest  star,  surface  for  surface,  on  the  assnmption  men- 
tioned above. 


A  PERPETUAL  CALENDAR. 
In  addition  to  the  rules  given  in  the  last  number  for 
finding  the  day  of  the  week  corresponding  to  any  given 
date  New  Style,  we  might  have  added  some  simple  rules  to 
extend  the  use  of  Mr.  Prince's  table  and  calendar  to  dates 
previous  to  2nd  September  1752,  when  the  Old  Style 
of  reckoning  came  to  an  end.  The  change  of  style  was 
effected  in  England  by  dropping  the  eleven  days  between 
Wednesday  the  2nd  September  1752,  and  Thursday  the 
nth  September  1752.  If  the  eleven  days  had  not  been 
dropped,  the  14th  of  Sejitember  would  ha\e  been  on  a 
Monday  ;  therefore,  in  passing  backwards  from  New  Style 
dates  to  Old  Style  dates,  Thursday  becomes  Monday  and 
one  jumps  forward  four  days  in  the  week,  or  backwards 
three  days. 

To  find  the  day  of  the  week  on  which  an  event  happened 
in  the  last  century  after  the  change  of  style,  the  rule  given 
in  the  last  number  was- — find  the  day  of  the  week  for  the 
corresponding  day  in  this  century,  and  go  forward  two  days 
in  the  week.  From  the  beginning  of  the  century  to  the 
2nd  September  1752,  you  must  find  the  day  of  the  week  for 
the  corresponding  day  in  this  century  and  go  forward  six 
days,  which  is  equivalent  to  going  back  one  day  in  the 
week. 

Events  which  happened  in  the  17th  century  occurred  on 


the  same  day  of  the  week  as  that  on  which  the  bicentenary 
of  the  event  falls  in  this  century  ;  thus,  Evelyn  mentions 
that  Ash  Wednesday  in  the  year  1661  was  on  February 
27th.  Turning  to  the  table  in  the  last  number,  w^e  find  that 
the  Dominical  Letter  for  1861  was  F,  and  that  the  27th 
February  1861  was  also  on  a  Wednesday.  To  go  back  to 
preceding  centuries  of  Old  Style  reckoning  we  go  forward 
one  day  in  the  week  for  every  century.  Thus,  events  in 
the  16th  century  which  happened  on  a  Sunday,  have  their 
tercentenaries  in  this  century  on  a  Saturday. 

Mr.  E.  Er.skine  Scott  has  sent  us  a  Perpetual  Almanack 
and  Calendar  published  by  him  in  1850,  which,  besides  a 
table  for  finding  the  day  of  the  week  corresponding  to 
any  day  of  the  year  when  the  Dominical  Letter  is  given, 
gives  a  table  with  the  Dominical  Letter  for  every  year,  from 
the  Christian  Era  onwards,  reckoning  by  either  Old 
Style  or  New — a  table  which  will  be  found  convenient 
for  determining  the  days  of  the  week  corresponding  to  dates 
in  foreign  countries  as  well  as  in  England.  The  Gre- 
gorian or  New  Style  was  adopted  in  Rome  in  1582;  in 
Paris,  by  taking  ten  days  off'  the  Calendar,  15th  December 
1582.  In  Russia,  Old  Style  is  still  in  use.  It  now  dif- 
fers from  the  New  Style  by  twelve  days  ;  thus,  the  lath 
of  April  1891  in  England  corresponds  to  the  1st  of  April 
in  Russia. 

TABLE   I. 

Me.  Ekskine  Scott's  Table  for  finding  the  Dominical  Leiter 

OR  Letters  for  any  Year,  Old  Style  or  New. 
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Style,  and  on  the  right  for  Old  Style  ;  then  below  this 
point,  and  on  a  line  with  the  given  year  of  the  century  in 
tlie  centre  of  the  Table,  you  will  find  the  Dominical 
Letter  for  the  year. 

TABLE    II. 
For   Finding   tue   Days   of  the   Wekk   corrksponding   to   the 
Days  of  the  Months;  the  Dominioai,  Letter  for  the  Year 

BEING  ascertained   BY    TABLE   L 

Note. — The  donhU  Ultevs  in  tich  ctnitpfirtmeut  refer  to  hap  years,  the  ^tithjle  to 
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Directions. — Tlie  Dominical  Letter  answering  to  the 
given  year  being  found  by  Talilc  L,  find  tliis  Dominical 
Letter  in  the  above  Table  on  the  same  horizontal  line 
with  the  given  month,  and  under  it,  in  the  lower  part  of 
the  Table,  are  the  days  of  the  week,  corresponding  with 
the  days  of  the  given  month  in  the  same  horizontal  line 
on  the  left-iiand  side  of  the  Table. 


EKRATUM. 

In  the  Article  on  the  Milky  Way  in  the  Southern 
Hemisphere,  in  the  last  number  of  Knowledge,  it  was  by 
mistake  stated  that  one  of  the  two  clusters  at  tlie  bottom 
of  Mr.  Barnard's  plate  of  the  Sagittarius  Region  of  the 
Milky  Way  was  entirely  wanting  in  Mr.  Russell's  photo- 
graphs. This  is  not  the  case,  though  there  is  ample 
evidence  of  the  variation  in  brightness  of  many  other 
stars  shown  upon  the  plates.  Only  one  of  the  clusters  is 
shown  in  the  plate  from  Mr.  Russell's  photograph  ;  the 
other,  or  preceding  cluster,  is  just  outside  the  field. 


OUR  INVISIBLE  FOES,  OR  BACTERIA  IN 
AGRICULTURE. 

By  Miss  A.  W.  Buckland. 

Tlli'i  first  question  now  asked  whenever  an  epidemic 
attacks  either  man  or  the  lower  animals  is,  Is  it 
caused  by  germs  or  liacilli  floating  in  the  air,  or 
conveyed  by  water,  milk,  or  any  other  medium. 
Tlic  germ  theory  of  disease,  at  present  so  popular, 
may  be  said  to  have  originated  in  the  successiul  experi- 
ments made  by  M.  Pasteur  for  the   cure   of  the   dreadful 


disease  known  as  splenic  fever  in  sheep,  and  the  import- 
ance of  the  subject  to  the  agriculturist  and  merchant,  as 
weU  as  to  the  medical  profession,  may  be  best  understood 
and  appreciated  by  reference  to  a  few  facts. 

During  the  year  1888  more  than  eleven  hundi-ed  head 
of  cattle  were  slaughtered  in  Dublin,  because  they  had 
been  in  contact  with  a  few  suflerLng  from  pleuro-pneu- 
monia,  whilst  the  Commission  appointed  to  investigate  the 
best  mode  of  preventing  and  curing  this  and  simOar 
diseases,  recommended  tlie  continuous  slaughter  of  all 
animals  which  might  have  been  exposed  to  infection, 
adding  to  the  report,  however,  a  clause  to  the  effect  that, 
should  experiments  in  inoculation  be  deemed  advisable, 
such  experiments  should  be  carried  out  only  with  the 
most  stringent  precautions. 

Meanwhile  the  Government  of  India,  as  the  result  of 
experiments  made,  has  ordered  the  inoculation  of  all  the 
valuable  elephants  in  the  Government  stables,  for  the 
prevention  of  a  disease  by  which  they  have  hitherto  been 
decimated.  M.  Pasteur,  as  is  well  known,  proi)osed  to 
exterminate  the  millions  of  rabbits  which  have  become 
such  a  pest  in  Australia  and  New  Zealand,  by  introducing 
among  them  by  inoculation  the  disease  known  as  chicken- 
cholera,  deadly  to  fowls  and  rabbits,  but  harmless  to  other 
animals  and  to  man.  But  although  the  Australasian 
Governments  approached  the  matter  in  a  scientific  spirit, 
and  gave  every  facility  for  properly  conducted  experiments, 
under  the  supervision  of  Dr.  Katz,  bacteriologist,  employed 
by  the  Linnean  Society, — (1)  to  test  the  commuuical)iUty 
of  chicken-cholera  to  rabbits,  the  possibility  of  spreading 
the  disease  from  rabbit  to  rabbit,  and  the  readiness  and 
channels  by  which  such  commimication  could  be  procured  ; 
(2)  to  ascertain  whether  the  disease  is  transmissible  fi'om 
infected  rabbits  to  other  domestic  animals — mammals  and 
birds ;  (3)  to  ascertain  whether  the  infectivity  of  the 
disease  is  weakened  by  repeated  transmissions  from  rabbit 
to  rabbit, — the  experiments  do  not  api^ear  to  have  been 
successful,  for  although  the  rabbits  inoculated  die,  they  do 
not  apparently  convey  the  disease  to  others.  Nevertheless 
it  seems  to  be  demonstrated  beyond  dispute,  that  certain 
forms  of  bacteria  invariably  accompany  certain  diseases, 
and  reproduce  similar  diseases  when  introduced  by  inocu- 
lation into  the  bodies  of  men  or  animals. 

These  iiiicro-oiytniisms,  so  exceedingly  small  as  to  be 
absolutely  invisible  to  the  naked  eye,  have  yet  been  so 
carefully  observed  microscopically,  and  so  faithfully  re- 
produced and  enlarged  by  photography,  that  they  can  be 
studied  in  all  their  wonderfully  varied  forms  ;  and  the 
difl'erences  between  them  are  sufficiently  marked  to  be 
appreciated  even  by  the  non-scientific  observer.  Some 
resemble  dots  in  various  groups  ;  some  are  twisted  spirals ; 
some  look  like  chains  ;  others  resemble  small  bags,  with 
strings  attached  ;  some  look  like  branches  of  trees,  whUst 
others  are  simply  rods  crossing  each  other. 

If  we  regard  them  as  animals,  they  do  not  appear  to 
possess  any  bodily  parts,  neither  head  nor  tad,  neither 
heart  nor  stomach  ;  whilst  if  they  are  vegetables,  they 
have  neither  roots  nor  branches,  although  abounding  in 
spores.  That  they  are  very  much  alive  cannot  be  doubted, 
nor  the  fact  that  they  multiply  with  the  most  astonishing 
rapidity.  The  growth  of  one  which  occurs  in  sugar  is  so 
rapid  that  49  hectolitres  of  molasses  were  converted  into 
a  gelatinous  mass  in  twelve  hours. 

Micro-organisms  can  be  cultivated  in  various  media, 
and  wUl  still  retain  their  identity,  but  they  cannot  all  be 
cultivated  in  the  same  media.  .  Dr.  C'lookshauk  says  : 
•'  Some  species  cannot  be  cultivated  artificially,  others  wUl 
only  grow  upon  blood- serum  ;  many  grow  upon  nutrient 
gelatine,  but  some  species  only  if  it  be  acid  or  alkaline 
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respectively.  Though  the  comma  baciUus  of  Koch,  like 
the  majority  of  organisms,  grows  best  on  an  alkaline 
medium,  yet  the  surface  of  a  potato  is  acid,  and  on  this 
it  is  well  known  to  flourish  at  the  temperature  of  the 
blood." 

Those  bacteria  are  everywhere,  in  the  air  we  breathe,  in 
the  water  we  drink,  in  the  ground  we  tread  on,  but 
hapiiily  some  are  innocuous  ;  and  the  noxious  mvrst  find  a 
suitable  soil  in  which  to  develop  their  evil  nature,  other- 
wise the  human  race  must  have  been  exterminated  by 
them  long  ago,  and  the  whole  of  the  animal  and  vegetable 
world  must  have  become  simply  putrefactive  media  for  the 
propagation  of  micro-organisms.  We  cannot  pretend  in 
this  article  to  go  into  any  scientific  description  of  the 
numerous  bacteria  which,  thanks  to  the  researches  of 
Koch,  Pasteur,  and  many  other  zealous  workers  on  the 
Continent,  have  become  as  well  known  as  creatures  of 
larger  growth  ;  but  we  will  endeavour  to  point  out  some 
of  the  points  of  interest  to  the  general  public  in  this  new 
science,  as  brought  before  us  in  the  Manual  of  Bacte- 
rioloi/!/  of  Dr.  Crookshank,  one  of  our  chief  English 
workers  in  this  branch  of  science,  who  established  a 
bacteriological  laboratory  at  King's  College,  in  which  many 
elaborate  investigations  are  carried  on  daily.  WtsMamial 
is  primarily  for  the  use  of  students,  and  therefore  deals 
largely  with  the  methods  of  cultivation,  and  preparation 
for  the  microscope,  of  the  various  species  of  bacteria,  all 
the  necessary  apparatus  being  elaborately  illustrated. 

The  study  of  bacteria  may  be  considered  to  be  quite  recent, 
yet,  as  Dr.  Crookshank  points  out,  "  Leeuwenhoeck,  two 
hundred  years  ago,  recognised  and  described  microscopic 
organisms  in  putrid  water  and  saliva,  which  probably 
correspond  -nath  organisms  such  as  vibrios  and  leptothrix 
of  modern  times."  The  article  upon  "  Medicine  "  in  the 
Emi/clojxedia  Britannicu  also  points  out  that  Schiinlein 
"made  in  1839  one  discovery  apparently  small,  but  in 
reality  most  suggestive,  namely,  that  the  contagious 
disease  of  the  head  called  favus  is  produced  by  the  growth 
in  the  hair  of  a  parasitic  fungus."  In  this  may  be  found  the 
germ  of  the  startling  modern  discoveries  in  parasitic  diseases  ; 
and  it  seems  that  even  as  early  as  1773  JMiiller  suggested 
a  classification  of  these  microscopic  organisms  ;  but  even 
to  the  present  day  their  exact  place  in  the  economy  of 
nature  has  not  been  determined.  "  Existing  as  they  do," 
says  Dr.  Crookshank,  "  upon  the  very  borderland  of  the 
vegetable  and  animal  kingdoms,  not  only  have  they  been 
transferred  fi-om  one  to  the  other,  but  even  the  question 
has  been  raised  whether  the  smaller  forms  should  be  con- 
sidered as  lidng  beings  at  all."  But  he  says:  "The 
gradual  improvements  in  the  means  of  studying  such 
minute  objects,  the  methods  of  cultivating  them  artificially, 
and  of  studying  their  chemistry  and  physiology,  and  the 
ever-increasing  revelations  of  the  microscope,  have  resulted 
in  establishing  these  microscopic  objects  as  members  of 
the  vegetable  kingdom,  ranking  among  the  lowest  forms 
of  fungi." 

After  showing  the  various  classifications  of  these 
fission-fungi.  Dr.  Crookshank  divides  them,  after  Zopf, 
into  four  groups,  and  each  group  again  into  genera  and 
species.  He  then  gives  a  long  list  of  each,  classifying 
them  according  to  their  association  with  disease  in  man 
and  animals,  and  adding  to  thelist  such  asare  unassociated 
with  disease.  Glancing  at  these  lists,  we  are  struck  by 
the  fact  that  in  some  of  the  groups  almost  all  the  species 
are  associated  with  disease,  whOst  some  forms  are  common 
to  men  and  animals.  In  Sirtjitoiomts,  for  instance,  there 
are  seventeen  species  traceable  to  disease  in  man,  eleven 
belonging  to  disease  in  animals,  two  common  to  animals 
and  man,  and  only  four  unassociated  with  disease.      In 


Sarnjia,  on  the  contrary,  all  the  species  appear  to  be 
innocuous.  In  other  groups  the  hurtful  and  innocent 
species  are  more  equally  di\'ided.  In  the  genus  Muio- 
cocciis,  to  which  belongs  the  much-dreaded  germ  of  rabies, 
and  also  that  of  scarlatina,  measles,  and  whooping-cough, 
there  are  ten  species  belonging  to  human  disease,  five  to 
animals,  one  to  plants,  and  eighteen  which  are  harmless. 
In  the  Bacteriaceffi  the  hurtful  and  innocent  species  seem 
also  to  be  pretty  equally  divided  ;  bitt  to  this  group  belong 
some  of  the  most  dreaded  of  disease-germs,  such  as  that 
of  pneumonia,  diphtheria,  chicken -cholera,  the  disputed 
comma  bacillus  of  Asiatic  cholera,  the  bacilU  associated 
with  typhus  fever,  with  anthrax,  with  tuberculosis,  with 
malaria,  with  swine  fever,  &c.  &c. 

The  yeast-fimgi  and  mould-fimgi,  some  of  which  are 
so  destructive  to  vegetable  life,  appear  to  be  allied  to  the 
bacteria  or  fission-fungi,  but  are  nevertheless  quite  distinct. 
The  moulds  of  various  kinds,  which  form  on  almost  everj-- 
thing  eatable,  especially  in  damp  weather,  belong  to  these, 
but  they  also  include  the  potato-blight  (PeronoKjiam 
infi'stinis),  grape-disease  (Oiflium),  the  mildew,  smut,  and 
other  wheat-diseases,  the  salmon-fungus,  and  the  silk- 
woiTn  disease ;  all  of  which  have  had  disastrous  eft'ects 
upon  the  prosperity  of  mankind,  although  they  have 
not  been  inimical  to  human  life  in  the  same  way  as  the 
Bacteria. 

It  would  seem  as  though  these  micro-organisms  were 
Nature's  favoured  weapons  of  destruction — her  tiny 
poisoned  arrows,  with  which  she  shoots  hither  and  thither 
continuously,  and  against  which  all  living  things,  whether 
animal  or  vegetable,  require  to  be  rendered  more  in- 
vulnerable than  Achilles.  Is  there  to  be  found  any  Styx 
wherein  mankind  ni'iy  be  rendered  invulnerable  to  the 
attacks  of  these  invisible  foes '?  Pasteur  is  supposed  to 
have  discovered  the  means  of  depriving  some  of  these 
arrows  of  their  deadly  power  by  extending  to  other  diseases 
the  system  of  inoculation,  introduced  first  in  connection 
with  small-pox,  and  afterwards  modified  by  -Jenner  into 
vaccination,  long  before  the  discovery  of  Bacteria  as 
the  constant  accompaniment,  if  not  the  actual  source,  of 
disease. 

The  two  diseases,  with  the  cure  or  prevention  of  which 
the  name  of  Pasteur  will  be  always  associated,  are  rabies 
or  hydrophobia,  and  anthrax,  known  also  as  splenic  fever 
or  wool-sorter's  disease  ;  the  former  is,  without  doubt,  one 
of  the  most  terrible  of  maladies,  and  the  latter,  although 
less  generally  known,  has  caused  the  cruel  death  of  mul- 
titudes who  have  been  brought  into  contact  with  it.  Both 
diseases  are  commimicated  in  the  first  place  from  animals 
to  man.  The  mode  of  prevention  adopted  by  M.  Pasteur 
is  inoculation  with  the  bacillus  of  the  disease,  thus  re- 
sembling the  old  inoculation  ior  small-pox  rather  than 
vaccination,  which  is  the  communication  of  an  allied 
animal  disease  rather  than  the  human  form  of  that 
disease.  But  M.  Pasteur  does  not,  as  in  the  old  inocula- 
tion ,  give  the  disease  in  its  full  force  ;  but  he  takes  the 
bacillus,  cultivates  it  in  different  media,  and  only  intro- 
duces it  into  the  animal  or  human  body  after  it  has  been 
attenuated  and  its  full  malignity  destroyed. 

Speaking  of  anthrax.  Dr.  Crookshank  says:  "  By  cul- 
tivating the  bacillus  in  neutralized  bouillon  at  42°-43°  C. 
for  about  twenty  days,  the  infecting  power  is  weakened, 
and  animals  inoculated  with  it  are  protected  against  the 
disease."  To  obtain  a  still  more  perfect  immunity,  they 
are  inoculated  a  second  time  with  material  which  has 
been  less  weakened.  The  animals  are  then  protected 
against  the  most  virulent  anthrax,  but  (nily  far  a  iiiiii\ 
From  such  a  culture,  however,  new  cultures  of  %arulent 
bacilli  can  be  started,  and  a  culture  that  is  "vaccin"  for 
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sheep,  kills  a  guinea-pig,  and  then  yields  bacilli  that  are 
fatal  to  sheep.  Exposure  to  a  temperature  of  55°  C,  or 
treatment  with  -5  to  1  per  cent,  carbolic  acid,  deprives  the 
bacilli  of  their  virulence.  The  virulence  of  the  bacillus 
is  also  altered  by  passing  the  bacillus  through  different 
species  of  animals.  The  bacillus  of  sheep  or  cattle  is 
fatal  when  re-inoculated  into  she^p  or  cattle  ;  but,  if 
inoculated  in  mice,  the  bacilli  then  obtained  lose  their 
virulence  for  sheep  or  cattle  ;  only  a  transitory  illness 
results,  and  the  animals  are  protected  for  a  time  against 
virulent  anthrax.  The  possibility  of  mitigating  the  virus 
depends  upon  the  species  of  animal ;  rodents  cannot  be 
rendered  immune  by  any  linown  "  vaccin."  The  same 
process  is  employed  by  M.  Pasteur  in  his  now  celebrated 
inoculations  for  hydrophobia.  In  the  course  of  his  expe- 
riments some  very  curious  facts  have  come  to  light ;  it 
has  been  discovered  that  "  passing  the  virus  through 
various  animals  considerably  modifies  its  properties.  By 
inoculating  a  monlcey  from  a  rabid  dog,  and  then  passing 
the  virus  through  other  monlieys,  the  virulence  is  dimi- 
nished ;  but  by  inoculating  a  rabbit  from  the  dog,  and 
passing  the  virus  from  rabbit  to  rabbit,  the  virulence  is 
increased."  In  swine-erysipelas  Pasteur  and  Tliuillier 
discovered  that  "by  passing  the  virus  through  pigeons 
the  wulence  was  increased,  but  by  passing  it  through 
rabbits  it  was  progressively  diminished.  Thus  a  virus 
was  obtained  from  a  rabbit,  which  produced  only  a  mild 
disease  in  pigs,  and  after  recovery  complete  immunity.'' 

To  the  non-professional  observer,  these  facts  seem 
pregnant  with  deep  meaning  ;  they  appear  to  point  to  the 
change  from  the  old  inoculation  for  small-pox  to  the 
vaccination  of  Jemier,  in  which  a  similar  but  less  virulent 
disease  may  be  communicated  from  a  lower  animal  to  man, 
producing  immunity  from  the  graver  disease  ;  and  as  we 
look  down  the  long  lists  of  bacilli,  some  of  deadly  vu-u- 
lence  and  some  innocuous,  yet  all  belonging  to  the  same 
group  of  germs,  we  wonder  whether  eventually  it  may  not 
be  foimd  tliat  a  cultivation  of  innocent  germs  may  be 
made  to  supplant  the  more  malignant  forms  ;  and  this 
opens  up  the  whole  question  of  immunity,  which  forms 
one  of  the  most  interesting  portions  of  Dr.  Crookshank's 
book. 

Immunity  may  be  natural  or  acquired.  We  all  know 
that  certain  individuals  are  much  more  subject  to  infec- 
tious diseases  than  others,  even  of  the  same  family.  In 
some  diseases  one  attack  renders  the  person  impervious  to 
the  same  disease ;  but  this  is  not  always  the  case,  some- 
times after  a  time  the  protective  influence  of  the  first 
attack  ceases,  and  the  individual  succumbs  to  the  disease 
a  second  time.  In  certain  diseases  one  attack  predisposes 
to  a  recurrence  of  tlie  disease,  as  for  example  erysipelas  ; 
and  again,  "  the  occurrence  of  one  disease  is  stated  to 
induce  a  liability  to  others;  small-pox  and  typhoid  fever 
are  regarded  as  predisposing  to  tuberculosis."  When 
Pasteur  first  began  to  try  to  mitigate  the  virulence  of 
anthrax,  he  found  that  by  cultivating  the  microbe  in 
chicken  broth,  and  allowing  it  to  remain  for  several 
months  before  carrying  on  successive  cultivations  in  fresh 
media,  "  the  new  generations  which  were  then  obtained 
were  found  to  have  diminished  in  virulence,  and  ultimately 
a  virus  was  obtained  which  produced  only  a  slight  dis- 
order ;  and  on  reco\ery  the  animal  was  found  to  be  proof 
against  inoculation  by  virulent  matter."  This  change  in 
the  quality  of  the  virus  M.  Pasteur  attributed  to  a  pro- 
longed contact  with  the  oxygen  of  the  air,  and  he  shows 
that  if  the  cultivation  of  these  germs  is  carried  on  in 
sealed  tubes,  admitting  very  little  air,  the  virulence  is 
retained.  Heat  also  has  been  found  to  diminish  the  viru- 
lence of  the  bacillus  of  anthrax,  and  the  same  has  been 


brought  about  by  chemical  means,  carbolic  acid  in  minute 
quantities,  and  bichromate  of  potash  added  to  a  cultivation, 
"  gave  after  three  days  a  new  growth,  which  killed  rabbits, 
guinea-pigs,  and  half  the  sheep  inoculated;  after  ten 
days  rabbits  and  guinea-pigs,  but  not  sheep ;  and  after  a 
longer  time  even  guinea-pigs  were  unaffected." 

Tin  discussing  the  question  of  what  constitutes  immunity, 
Dr.  Crookshank  gives  some  very  curious  and  suggestive 
facts.  He  says  ;  "  Kaulin  has  shown  that  Axinrtiillus  niijer 
develops  a  substance  which  is  prejudicial  to  its  own 
growth  in  the  absence  of  iron  salts  in  the  nutrient  soil. 
Pasteur  has  suggested  that  in  rabies,  side  by  side  with 
the  living  and  organized  substance,  there  is  some  other 
substance  which  has,  as  in  Raulin's  experiment,  the 
power  of  arresting  the  growth  of  the  first  substance.  If 
we  accept  the  theory  of  arrest  by  some  chemical  substance, 
we  must  suppose  that  in  the  acquired  immunity  afforded 
by  one  attack  of  an  infectious  disease  this  chemical  sub- 
stance is  secreted,  and,  remaining  in  the  system,  opposes 
the  onset  of  the  micro-organism  at  a  future  time.  In  the 
natural  immunity  of  certain  species  and  individuals  we 
must  suppose  that  this  chemical  substance  is  normally 
present." 

Passing  over  two  other  theories,  each  of  which  presents 
certain  difliculties,  we  find  the  curious  fact  that  in  some 
cases  the  white  blood-cells  appear  to  have  the  singular 
power  of  destroying  bacteria.  "  If  anthrax  bacilli  are 
inoculated  in  the  fi.-og,  the  white  blood-cells  (leucocytes) 
are  observed  to  incorporate  and  destroy  them  until  they 
entirely  disappear,  and  the  animal  is  not  aflected.  But  if 
the  animal,  after  inoculation,  is  kept  at  a  high  tempera- 
ture, the  bacilli  increase  so  rapidly  that  they  gain  the 
upper  hand  over  the  leucocytes,  and  the  animal  succumbs. 
In  septicipmia  of  mice  the  white  blood-cells  are  attacked  and 
disintegrated  by  the  bacilli  in  a  similar  way.  It  is,  however," 
adds  Dr.  Crookshank,  "  difficult  to  accept  any  explanation 
of  immunity  from  these  observations — to  suppose,  for 
example,  that  immunity  depends  upon  the  micro-organisms 
being  unable  to  cope  with  the  leucocytes  in  certain  species. 
It  is  difficult  to  conceive  that  the  leucocytes  in  the  blood 
and  tissues  in  the  field-mouse  are  differently  constituted 
ft'om  those  in  the  house-mouse,  so  that  they  form  an 
effectual  barrier  in  the  one  case,  though  so  readily 
destroyed  in  the  other."  Hence  we  imderstand  that 
field-mice  are  exempt  frorc  the  septictemia  which  is  fatal 
to  house-mice  and  sparrows,  the  representative  bacilli  of 
the  disease  being  found  most  commonly  in  the  interior 
of  the  white  blood-corpuscles.  Pei'haps  the  immunity  of 
field-mice  may  result  from  some  chemical  secretion  or  the 
difference  in  their  mode  of  hfe  and  in  their  food.  This 
is  a  subject  still  open  to  investigation. 

In  anthrax  "a  drop  of  blood  from  an  aficcted  animal, 
or  a  minute  portion  of  a  cultivation,  introduced  under  the 
skin  of  a  mouse  or  guinea-pig,  causes  its  death,  as  a  rule, 
in  from  twenty-four  to  forty-eight  hours.  Sheep  fed  upon 
potatoes  which  have  been  the  medium  for  cultivating  the 
bacillus,  die  in  a  few  days.  Goats,  hedgehogs,  sparrows, 
cows,  horses  are  all  susceptible.  Rats  are  infected  with 
difficulty.  Pigs,  dogs,  cats,  white  rats,  and  Algerian  sheep 
have  an  immunity  fi-om  the  disease.  Frogs  and  fish  have 
been  rendered  susceptible  by  raising  the  temperature 
of  the  water  in  which  they  lived."  In  this  list  we 
find  the  same  difference  with  regard  to  sheep  as  in  the 
two  species  of  mice.  To  the  common  sheep  the  disease 
is  fatal,  whilst  the  Algerian  sheep  is  immune.  This 
immunity  of  certain  species  has  been  seized  upon  by 
agriculturists,  who,  when  their  flocks  and  herds  suffer 
from  a  certain  disease,  have  found  it  beneficial  to  change 
the  breed.     At  the  Cape  of  Good  Hope,  for  instance,  many 
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years  ajjo,  when  the  Angora  goat  was  introduced,  it  was 
found  to  be  less  liable  to  scab  than  the  common  goat. 
The  same  thing  has  followed  from  great  blights  in  the  vege- 
table world.  The  disastrous  potato-blight  caused  the  intro- 
duction of  many  new  varieties  found  by  experience  to  be 
capable  of  resisting  the  disease  ;  and  the  European  vines 
affected  by  phylloxera  are  now  being  replaced  by  different 
kinds  brought  from  America  and  other  parts  of  the 
world.  There  can  be  no  doubt  that  in  time  this  immu- 
nity will  cease,  and  the  newly  introduced  variety  will 
require  to  be  again  replaced,  unless  some  means  should 
be  found  of  destroying  the  micro-organisms,  which,  like 
the  newly  introduced  animals  or  vegetables,  will  in  time 
adapt  themselves  to  their  surroundings,  and  perhaps  acquire 
fresh  virulence  thereby. 

When  the  investigations  into  disease-germs  began,  it 
was  thought  by  many  that  all  infective  diseases  might  be 
prevented  by  inoculation,  but  at  present  the  various  expe- 
riments made  have  not  confirmed  this  idea  except  in 
anthrax,  or  splenic  fever,  rabies,  and  the  new  remedy  for 
tuberculosis"'  ;  it  seems,  however,  probable  that  some  day 
pleuro-pneumonia  may  be  added  to  the  list.  For  many 
years  past  this  disease  has  been  successfully  treated  at  the 
Cape  of  Good  Hope,  and  in  Australia,  by  inoculation. 

Happily,  it  seems  that  the  wide-spread  infection,  which 
at  one  time  was  supposed  to  be  likely  to  follow  the  burial 
of  an  infected  animal  through  earth-worms  bringing  the 
bacilli  to  the  surface,  is  not  so  common  as  was  believed. 
"  Klein  has  pointed  out  that  if  mice  and  guinea-pigs  which 
have  died  of  anthrax  are  kept  unopened,  the  bacilli  simply 
degenerate  and  ultimately  disappear "  ;  therefore  Ur. 
Crookshank  thinks  that  free  access  to  oxygen  is  necessary 
to  develop  the  spores.  "  Contamination  of  ground  in  which 
diseased  animals  have  been  buried  must  result,  therefore, 
from  bodies  in  which  a  x)ost-mortem  exammation  has  been 
made,  by  which  the  blood  and  organs  have  been  freely 
exposed  to  the  air,  or  from  animals  which  have  not  been 
examined,  owing  to  their  hides  being  soiled  with  excretions, 
and  with  blood  which  issues  from  the  mouth  and  nostrils 
before  death." 

One  of  the  most  prominent  uses  of  the  science  of  bac- 
teriology is  the  power  gained  by  it  of  examining  the  water, 
air,  and  soil  of  any  place,  and  thus  determining  the  num- 
ber and  character  of  the  bacteria  in  any  given  spot.  By 
this  means,  places  particularly  subject  to  any  given  disease 
may  be  avoided  by  those  peculiarly  liable  to  such  disease, 
and  it  may  be,  also,  that  eventually  a  means  may  be  found 
of  destroying  the  pestilential  bacilli,  and  rendering  spots 
formerly  unhealthy  fit  for  human  habitation. 

Before  concluding  this  paper,  we  ought  to  point  out  the 
numbers  of  bacteria  which  have  been  observed  to  be  present 
in  the  air  at  different  times  and  places.  Miquel,  who  has 
made  this  a  special  study,  finds  "  the  average  number  per 
cubic  metre  of  air  for  the  autumn  quarter  at  Montsouris  to 
be  142,  winter  quarter  49,  spring  quarter  85,  and  summer 
quarter  10-5.  In  air  collected  2,000  to  4,000  metres  above 
sea-level,  not  a  single  bacterium  or  fungus  spore  was  fur- 
nished ;  while  in  ten  cubic  metres  of  air  from  the  Rue  de 
Kivoh  (Paris),  the  number  was  computed  at  5.5,000.  By 
an  apparatus  known  as  '  Hesse's,'  twenty-five  htres  of  air 
from  an  open  square  in  Berlin,  gave  rise  to  three  colonies 
of  bacteria  and  sixteen  moulds  ;  whilst  two  litres  from  a 
schoolroom  just  vacated  by  the  scholars,  gave  thirty-seven 
colonies  of  bacteria  and  thirty-three  moulds."  The  won- 
der is  that  with  all  these  sources  of  disease  and  death  con- 
stantly with  us,  anyone  should  escape  ;  nevertheless,  it  is 

*  Dr.  Koch's  inoculation  differs  from  that  of  Pasteur  in  the  injec- 
tion of  dead  instead  of  living  bacilli. 


an  established  fact  that  none  of  these  micro-organisms  are 
ever  found  in  perfectly  healthy  blood.  The  reason  of  this 
is  not  plain.  It  is  certain  that  the  healthy  and  unhealthy 
ahke  must  inhale  or  swallow  these  germs  ;  why  should 
they  be  deadly  to  the  one  and  innocuous  to  the  other '?  Is 
it  because  in  health  the  white  corpuscles  of  the  blood  are 
in  such  a  state  of  chemical  activity  as  to  be  able  to  absorb 
and  consume  these  micro-organisms,  as  in  the  recorded 
case  of  the  frog  ?  And  is  it,  as  in  the  same  case,  only 
when  the  temperature  becomes  raised  by  fever,  that  the 
germs  develop  too  rapidly  for  natm-al  elimination '?  This 
would  appear  a  possible  exiilanatiou,  but  more  is  wanted. 
Why,  if  these  germs  are  everywhere,  should  we  not  more 
frequently  hear  of  the  spontaneous  outbreak  of  disease, 
instead  of  finding  it  generally  traceable  to  one  especial 
source '? 


THE  FACE  OF  THE   SKY  FOR  APRIL. 

By  Herbekt  S.\dler,  F.E.A.S. 

THE  number  of  sun-spots  and  faculw  on  the  solar 
disc  continues  steadily  to  increase.  The  zodiacal 
light  should  be  looked  for  during  the  first  ten 
days  of  the  month.  Conveniently  observable 
minima  of  Algol  occur  at  7h.  14m.  p.m.  on  the 
4th  ;  Oh.  7m.  a.m.  on  the  22nd  ;  and  8h.  o6m  p.m.  on  the 
24th.  The  following  are  the  times  of  minima  of  some  of 
the  Algol  type  variables  aUuded  to  by  ]Miss  C'lerke  in  the 
March  number  of  Knowxedge,  and  which  may  be  con- 
veniently observed  at  the  present  time.  The  places  are 
for  1890. 

U  Cephei  (Oh.  52m.  32s.-H81°  17').  Max.  7-1  mag.; 
min.  9-2  mag.  Period,  2d.  llh.  49m.  45s.  April  14th, 
Ih.  53m.  A.M. ;  April  19th,  Ih.  32m.  a.m.  ;  April  24th,  Ih. 
12m.  A.M.  ;  April  29th,  Oh.  52m.  a.m. 

E  Canis  Maj.  {7h.  14m.  80s. -16°  11').  Max.  59  mag. ; 
min.  6-7  mag.  Period,  Id.  3h.  15m.  55s.  April  2nd,  6h. 
49m.  P.M.  ;  April  8rd,  lOh.  5m.  p.m.  ;  April  19th,  7h.  46m. 
P.M.  ;  April  28th,  9h.  .52m.  p.m. 

S  Cancri  (8h.  37m.  39s. -H9°  26').  Max.  8-2  mag.; 
min.  9-8  mag.  Period,  9d.  llh.  37m.  45s.  April  19th, 
Oh.  36m.  A.M. 

8  Libne  (llh.  55m.  6s.— 8°  5').  Max.  5-0  mag. ;  min. 
6-2  mag.  Period,  2d.  7h.  51m.  23s.  April  2nd,  8h.  5:^m. 
P.M. ;  April  9th,  8h.  28m.  p.m.  ;  April  10th,  8h.  Im.  p.m.  ; 
April  23rd,  7h.  36m.  p.m.  ;  April  BOth,  7h.  12m.  p.m. 

U  Corona-  (16h.  13m.  43s.  4- 32°  3').  Max.  7-5  mag.  ; 
min.  8-9  mag.  Period,  3d.  lOh.  51m.  8is.  April  6th, 
Ih.  5m.  A.M.  ;  April  12th,  lOh.  47m.  p.m.  ;  April  19th, 
8h.  29m.  P.M. 

A  maximum  of  S  Coronse  (6-1  mag.— 7-8  mag.  at  max. ; 
11-9  mag.  -12-5  mag.  at  min.),  which  follows  U  Coronse 
3m.  12s.  in  E.A.,  and  is  17'-3  south  of  it,  is  due  on 
April  5  th. 

Mercury  is  very  well  placed  for  observation  dm-ing  the 
greater  part  of  April.  On  the  1st  he  sets  at  7h.  22m. 
P.M.,  or  52m.  after  the  sun,  with  an  apparent  diameter  of 
oi"  and  a  northern  declination  of  8*^  2'.  At  this  time  he 
will  appear  about  as  bright  as  Aldebaran,  about  f'^^f  of  the 
disc  being  illuminated.  He  gradually  increases  in  bright- 
ness, setting  on  the  7th  at  8h.  9m.  p.m.,  Ih.  29m.  after 
the  sun,  with  an  apparent  diameter  of  6",  and  a  northern 
declination  of  13°  20'.  At  this  time  he  is  considerably 
brighter  than  an  average  first  magnitude  star  in  the  same 
position,  rather  less  than  eight-tenths  of  the  disc  being 
illuminated.  On  the  11th  he  sets  at  8h.  87m.  p.m.,  Ih.  50m. 
after  the  sun,  with  an  apparent  diameter  of  6|",  and  a 
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northern  decimation  of  16°  18'.  His  theoretical  bright- 
ness is  now  about  equal  to  what  it  was  on  the  1st,  but, 
owing  to  his  being  considerably  farther  fi-om  the  sun,  he 
will  probably  appear  brighter.  About  /^  of  the  disc  is 
now  in  sunlight.  On  the  17th  he  sets  at  9h.  3m.  p.m.,  2h. 
6m.  after  the  sun,  with  an  apparent  diameter  of  7^",  and 
a  northern  declination  of  19°  2.S'.  He  is  at  his  greatest 
eastern  elongation  (19°  50')  at  7h.  p.m.  on  the  18th.  On 
the  21st  he  sets  at  9h.  10m.  p.m.,  2h.  7m.  after  the  sun, 
with  an  apparent  diameter  of  8-4",  and  a  northern  decli- 
nation of  20°  40'.  He  has  now  decreased  very  perceptibly 
in  brightness,  about  three-tenths  of  the  disc  being  illumi- 
nated. On  the  27th  he  sets  at  9h.  Im.  p.m.,  Ih.  46m. 
after  the  sun,  with  an  apparent  diameter  of  9f",  and  a 
northern  declination  of  21°  5'.  He  now  does  not  exceed  a 
.5th  magnitude  star  in  brightness,  about  ^[^  of  the  disc 
being  illuminated.  During  the  month  Mercury  passes 
through  Pisces  on  to  the  borders  of  Aries  and  Taurus, 
being  foimd  at  the  end  of  the  month  near  the  group  t,,  r, 
63  and  65  Arietis,  but  without  approaching  any  conspi- 
uous  star  very  nearly. 

Venus  is  a  morning  star  throughout  the  month,  but  is 
too  near  the  sim  to  be  well  seen.  On  the  first  sh?  rises  at 
4h.  27m.  A.M.,  Ih.  11m.  before  the  sun,  with  an  apparent 
diameter  of  16-0",  and  a  southern  declination  of  11°  36', 
She  is  near  .Jupiter  on  the  mornings  of  the  7th  and  8th. 
On  the  30th  she  rises  at  3h.  39m.  a.m.,  57m.  before  the 
sun,  with  an  apparent  diameter  of  13J",  and  a  southern 
declination  of  0°  2'.  About  seven-tenths  of  the  disc  is 
illuminated  on  the  1st  of  April,  and  nearly  eight-tenths  on 
the  30th,  when  the  theoretical  brightness  of  the  planet  is 
only  one-third  of  what  it  was  at  the  beginning  of  January. 
On  the  morning  of  the  15th  Venus  will  be  very  near  the 
4th  magnitude  star  <^  Aquarii.  During  the  month  she 
moves  from  Capricornus  through  the  greater  part  of 
Aquarius. 

Both  Mars  and  .Jupiter  are  in\'isible  for  the  purposes  of 
the  amateur  observer.  Saturn  is  well  placed  for  observa- 
tion, rising  on  the  1st  at  3h.  17m.  p.m.,  and  setting  at  5h. 
3m.  A.M.,  with  a  northern  declination  of  9°  10^-',  and  an 
apparent  equatorial  diameter  of  19^''  (the  major  axis  of 
the  ring  system  being  441",  and  the  minor  3f").  On  the 
80th  he  rises  at  Ih.  24m.  p.m.,  and  sets  at  3h.  14m.  a.m., 
with  a  northern  declination  of  9°  37',  and  an  apparent 
equatorial  diameter  of  18,V"  (the  major  axis  of  the  ring 
system  being  42^",  and  the  minor  4-0").  Shortly  before 
8  P.M.  on  the  3rd  Titan  is  17"  south  of  the  planet  ;  and  on 
the  evening  of  the  5tli  lapetus  will  be  about  45"  «  a  little 
//  Saturn.  Early  on  the  evening  of  the  17th  Titan  will 
be  seen  about  20"  south  of  Saturn,  and  on  the  22nd  and 
23rd  lapetus  is  near  its  western  elongation,  and  at  its 
brightest.  Shortly  before  Saturn  sets  on  the  30th  a 
9'5  magnitude  star  will  be  seen  about  70"  north  of  the 
planet.  During  April  Saturn  describes  a  short  retrograde 
path  in  Leo,  but  he  does  not  approach  any  naked-eye 
star.  Uranus  is  an  evening  star,  rising  on  the  1st  at  8h. 
5m.  P.M.,  with  an  apparent  diameter  of  3f",  and  a  southern 
declination  of  11°  0'.  On  the  30th  he  rises  at  6h.  4m. 
P.M.,  with  a  southern  declination  of  10°  33'.  He  describes 
a  short  retrograde  path  to  the  E.N.E.  of  86  Virginia. 
He  is  in  opposition  on  the  19th,  when  he  is  about  l,623i 
millions  of  miles  distant  from  the  earth.  A  map  of  his 
path  up  to  the  beginning  of  September  will  be  found  in 
the  F.wilixh  Mcrliaiiii-  for  February  6th,  1891.  Neptune 
is,  for  all  practical  purposes,  invisible. 

Shooting  stars  are  fairly  plentiful  in  April,  the  most 
marked  shower  being  that  of  the  Lyrids,  with  a  radiant 
point  in  181i.  Om.  K.A.  and  -|-33'  decl.  The  radiant 
point  rises  on  the  nights  of  the   19th  and  20tb,  when  the 


maximum  occurs,  at  6h.   27m.  p.m.,  and    souths  at  4h. 
8m.  A.M. 

The  moon  enters  her  last  quarter  at  6h.  30m.  a.m.  on 
the  2nd  ;  is  new  at  8h.  57m.  p.m.  on  the  8th  ;  enters  her 
first  quarter  at  Ih.  40m.  a.m.  on  the  16th  ;  and  is  full  at 
5h.  5m.  A.M.  on  the  23rd.  She  is  in  perigee  at  lOh.  a.m. 
on  the  7th  (distance  from  the  earth  223,850  miles),  and  in 
apogee  at  llh.  30m.  a.m.  on  the  19th  (distance  from  the 
earth  251,920  miles).  The  greatest  western  libration  is  at 
4h.  64m.  a.m.  on  the  13th,  and  the  greatest  eastern  at 
5h.  44m.  P.M.  on  the  27th. 


2Mt)ist  Column. 

Bv  W.  MoNT.\Gu  Gattee,  B.A.Oxon. 


The  Management  of  Trumps. 

WE  believe  it  was  the  late  .James  Clay  who  once 
facetiously  remarked  that  there  were  twenty 
thousand  young  men  going  about  in  rags  in 
America  because  they  would  not  lead  triunps 
from  five  to  an  honour.  There  are,  neverthe- 
less, many  cases  in  which  it  is  desirable  to  play  a  waiting 
game,  even  though  favoured  by  fortune  with  great  strength 
in  trumps.  A  curious  instance  of  the  success  of  Fabian 
tactics  is  furnished  by  Hand  No.  16  (Knowledge  for 
December  last),  in  which  the  original  leader  persistently 
avoids  leading  trumps,  although  holding  six  to  two  honours. 
Such  cases  are  for  the  most  part  peculiar,  and  scarcely 
admit  of  generalisation  ;  but  perhaps  it  may  safely  be  laid 
down  that,  when  the  leader's  score  is  4.  he  should  almost 
always  hesitate  to  open  trumps  unless  he  holds  winning 
cards  in  the  plain  suits.  A  typical  case  is  that  in  which 
the  hand  contains,  besides  the  trumps,  numirical  strewitli 
only  in  one  of  the  plain  suits,  so  that  two  or  even  three 
rounds  will  probably  be  required  in  order  to  establish  it. 
The  advantage,  under  such  circumstances,  of  opening  the 
plain  suit  in  the  first  instance,  is  well  illustrated  by  the 
following  hand,  for  which  we  are  indebted  to  Mr  F.  S. 
Hughes  : — 

Hand  No.  19. 


Z's  Hand. 


Score— AB,  2;  YZ,  4. 

Z  turns  up  the  six  of  hearts. 

Note. — A  and  B  are  partners  against  Y  and  Z.     A  has 
the  first  lead  ;  Z  is  the  dealer.     'The  card  of  the  leader  to 
each  trick  is  indicated  by  an  arrow. 
Trick  1. 


yVias— AB,  1  ;  YZ,  0. 


^ 

Y 

0     0 

0 
0    0 

0     0 
O     0 

Trick 

>. 

Y 

/^ 

O     0 
0    0 

A 

i 

0    0 

<? 

<>    0 
0^ 

z 

Tricks— XB,  1 ;  YZ.  I. 
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H 

4*    1 

4. 

4. 

4.     4. 

n 

4.    4. 
4. 

4.    4, 

\ 

4.    4. 

Z 

¥^ 

© 

♦    ♦ 

'/ricks— AB,  2  ;  TZ,  1. 


rnci-s— AB,  3  ;  YZ,  1. 


Note. — Trick  3. — YZ  being  at  the  score  of  4,  Z  de- 
termines not  to  open  trumps,  and  leads  his  fourth-best 
chib. 

Tkick  5.  Trick  6. 


Tricks— XB,  S  ;  YZ,  L'. 


Tricks— AB,  3  ;  YZ,  3 


Note. — Trick  5. — Z's  discard  shows  five  chibs  originally, 
and  enables  his  partner  to  count  his  hand. 

Trick  6. — The  four  of  trumps  is  now  marked  in  Y's 
hand,  and  the  three  best  trumps  clearly  lie  between  A 
and  B. 


Tricks— AB 


Note. — Trick  7. — Z  therefore  continues  the  trumps  ; 
for.  if  the  adverse  trumps  are  all  in  one  hand,  AB  must' 
win  the  game  in  any  case,  since  they  will  make  three  tricks 
in  trumps,  and  one,  at  least,  in  clubs.  Accordingly,  Z 
plays  on  the  assumption  that  the  adverse  trumps  are 
divided.  As  the  cards  happen  to  lie,  he  would  win  the 
game  equally  by  continuing  the  club  suit ;  but  this  would 
be  dangerous,  as  AB  might  be  enabled  to  make  their 
trumps  separately. 

Tkick  10. 
Y 


1 

"•rick 

ct. 

Y 

^ 

+ 

4.  4. 

4.  4. 

Wj^ 

4.  4. 

ma 

\ 

I4. 4.^ 

Z 

rricks- 

-AB,  0 

;  YZ,  4 

♦    0 

0  ♦ 

♦ 

* 

9      's? 

Trickf—AB,  f. ;  YZ,  4. 

Tricks  11  to  13. — A  leads  ace  of  diamonds,  on  which  Z 
plays  his  last  trump,  and  YZ  then  make  two  tricks  in 
clubs. 

YZ  Score  the  Odd  Trick  and  win  the  Game. 


A's  Hand 

H.— Kn,  10,  9. 

S.— Qn,  5,  3. 

D.— Ace,  Kg,  Qn,  10,  2. 

C. — Ace,  Qn. 

Y's  Hand. 
H.— 7,  4. 

S.— Kg,  Kn,  8. 
D.— 9,  7,  6,  5. 
C— Kn,  9,  7,  3. 


B's  Hand. 
H.— Kg,  Qn. 
S.— Ace,  10,  9,  7,  4,  2. 
D.— Kn,  8,  3. 
C.-Kg,  4. 

Z's  Hand. 

H.— Ace,  8,  6,  5,  8,  2. 

S.— 6. 

D.— 4. 

C— 10,  8,  6,  5,  2. 


Remarks. — Trick  2. — If  Z  intended  to  lead  trumps,  he 
woidd  trump  with  the  five  and  lead  the  three  ;  but  for  the 
moment  he  is  not  anxious  to  expose  his  strength. 

Trick  3. — If  Z  leads  a  trump,  AB  make  at  least  the  odd 
trick.  B  wins  with  the  queen,  and  returns  the  knave  of 
diamonds.  If  Z  rulis  and  continues  with  the  ace  of 
trumps  and  then  a  club,  A  wins  with  the  queen  of  clubs, 
and  leads  the  knave  of  trumps  and  then  the  ten  of  dia- 
monds ;  if  Z  ruii's  and  opens  clubs  at  once,  A  wins  with 
the  qlieen,  and  leads  the  ten  of  diamonds  and  afterwards 
(however  Z  plays)  the  ace  of  diamonds ;  and,  if  Z  dis- 
,  cards  his  spade  on  trick  4,  B  leads  the  ace  of  spades,  and 
Z  cannot  save  the  game.  To  retiun  to  the  actual  game, 
we  may  observe  that  those  players  who  adopt  the  "  plain- 
suit  echo  "  would,  in  Y's  place,  play  the  seven  of  clubs 
instead  of  the  three. 

Trick  4. — Mr.  Hughes  remarks  that  "  A  leads  a  spade, 
and  not  a  diamond,  as  he  does  not  know  whether  Z  is 
strong  or  weak  in  trumps."  We  think,  nevertheless,  that, 
as  A  has  command  of  the  clubs  and  some  protection  in 
spades,  and  as  YZ  are  four  up  and  Z  is  rirffing  diamonds, 
the  correct  lead  is  the  knave  of  hearts.  This,  however, 
would  not  save  the  game  imless  YZ  played  badly. 

Trick  6. — Y  counts  three  clubs  and  five  trumps  re- 
maining in  his  partner's  hand,  and  therefore  leads  a 
trump. 

Trick  9.— The  beginner  should  note  that  even  at  this 
point  Z  would  lose  the  game  by  continuing  the  trumps 
instead  of  clearing  his  clubs. 
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THE  ARTIFICIAL  REPRODUCTION  OF  RUBIES 
AND  OTHER  PRECIOUS  STONES. 

By  Vaughan  Coenish,  B.Sc,  F.C.S. 

IN  speaking  of  the  artificial  reproduction  of  precious 
stones,  it  must  be  understood  that  we  are  dealing 
with  processes  wliicli  have  nothing  in  common  with 
the  iwitiition  of  gems.  Ingenuity  and  skill,  and 
even  a  certain  amount  of  scientific  knowledge,  have 
been  exercised  in  imitating  diamonds,  pearls,  and  so 
forth  ;  but  the  art  is  merely  one  of  counterfeit,  the  mate- 
rials produced  at  most  deceive  the  eye,  and  they  possess 
neither  the  chemical  composition  nor  the  properties  of 
the  natural  objects  which  they  simulate,  except  the 
qualities  of  colour  and  lustre.  In  these  two  points  the 
counterfeit  is  often  sufficiently  good  to  deceive  any  save 
a  practised  eye  ;  but  it  must  be  borne  in  mind  that  the 
intrinsic  value  of  a  gem,  apart  from  the  fictitious  value 
due  to  i-arity,  depends  not  solely  on  beauty  of  colour  and 
histre,  but  on  the  hardness  of  the  material  which  pre- 
serves, for  instance,  a  cut  ruby  from  deterioration  for 
centuries.  It  is  the  character  of  permanence  which  gives 
to  precious  stones  their  pre-eminent,  value  among  other 
beautiful  objects. 

Ikit  the  ruby  may  not  only  be  imitated  more  or  less  suc- 
cessfully by  colouring  a  dense  and  highly  refracting  kind 
of  glass  ;  it  can  also  be  irjinnlKcol,  that  is  to  say,  the  thing 
itself  can  be  prepared  in  the  laboratory.     Such  a  product 


is  termed  an  artiiinnl  ruby,  and  the  common  acceptation 
of  the  word  appears  to  carry  with  it  a  prejudice,  as  if  it 
were  intended  to  convey  that  the  object  would  be  a  ruby 
were  it  not  tliat  rubies  are  formed  naturally,  whereas  this 
was  produced  through  the  intervention  and  contrivance  of 
man.  So  much  is  this  the  case  that  if,  as  may  well 
happen,  rubies  should  prove  to  be  produceable  of  sufficient 
size  for  the  purposes  of  the  jeweller,  there  will  certainly 
be  a  feeling  against  wearing  the  stones  so  produced  as 
ornaments,  due  to  the  idea  that  the  jewel  is  in  some  sort 
a  sham.  This  is  a  natural  but  mistaken  conception.  A 
mineral — the  rnby,  for  instance — is  a  body  having  a 
certain  chemical  composition  and  other  equally  important 
characteristics,  such  as  those  of  its  crystalline  form, 
specific  gravity  and  hardness.  The  body  is  formed  through 
the  operation  of  certain  laws  of  chemical  combination 
and  of  crystallization.  Whether  the  opportunity  for  the 
operation  of  these  laws  occurs  in  the  bowels  of  the  earth 
or  in  the  crucible  of  the  chemist,  cannot  be  rightly  held 
to  afi'ect  the  identity  of  the  body  produced. 

The  reproduction  of  minerals  has  been  carried  on  for 
the  last  forty  years,  chiefly  among  a  small  school  of 
French  chemists,  and  is  to  be  regarded  as  a  part  of  the 
great  work  of  chemical  STOtbesis. 

Synthetical  or  constructive  work  only  begins  at  an 
advanced  stage  in  the  study  of  an  experimental  science, 
and  the  synthesis  of  minerals  was  necessarily  preceded  by 
many  years  of  analytical  investigation.  In  the  first 
decade  of  the  present  century,  the  laws  which  regulate 
the  proportions  in  which  the  elements  enter  into  chemical 
combination  were  already  established.  At  this  time  the 
art  of  chemical  analysis  was  being  rapidly  developed,  and 
its  methods  were  applied  to  the  examination  of  minerals. 
It  was  found  that  the  elements  they  contained  were 
present  in  those  particular,  definite  proportions  which 
bad  been  found  to  be  characteristic  of  chemical  combina- 
tion. It  was  during  this  epoch  also  that  the  laws  of 
crystallography  were  first  established.  The  chemical 
composition  and  the  crystalline  form  were  recognised  as 
the  two  most  essential  characteristics  of  each  mineral 
species,  although  other  properties  were  duly  taken  account 
of,  as,  for  instance,  specific  gra\-ity,  hardness  and  colour. 
Thus  mineralogy  was  put  on  a  sound  footing  as  a  classifi- 
catory  and  analytical  science  ;  but  the  next  step  in 
advance,  the  introduction  of  synthesis,  the  building  up  of 
the  minerals,  appeared  to  be  beyond  the  power  of  the 
experimentalist.  It  was  found  that  substances  prepared 
in  the  laboratory,  having  the  same  chemical  composition 
as  natural  minerals,  did  not  possess  their  other  charac- 
teristic features.  Thus  Heavy  Spar  has  the  same  chemical 
composition  as  the  sulphate  of  barium  produced  in  the 
laboratory  ;  but  whereas  the  first  is  a  hard,  well-erystal- 
lizcd  body,  the  second  is  formed  as  a  fine  powder,  destitute 
of  coherence  and  of  crystalline  form. 

Again,  silica  occurs  in  nature  as  the  well-known  Kock 
Crystal,  but  in  the  ordinary  chemical  process  it  is  obtained 
as  a  gritty  powder.  The  silicates,  a  class  of  substances 
comprising  many  well-crystalli/.od  gems,  such  as  the 
garnet,  could  only  be  reproduced  artificially  as  ylasses, 
transparent  indeed  and  coherent,  but  without  crystalline 
structure.  Such  failures  gave  rise  to  the  impression  that 
there  was  some  special  intluonco  or  force  at  work  in  nature 
in  the  production  of  minerals  which  could  not  be  com- 
manded by  the  chemist,  just  as  it  was  supposed  that  the 
substances  produced  in  the  vegetable  and  animal  kingdoms 
needed  the  action  of  the  so-called  riud  /'on,-,  and  were 
incapable  of  reproduction  in  the  laboratory.  The  belief 
in  this  ii'(<(/  tone  was  dispelled  when  the  advance  of 
chemistry  solved  the  problem  of  the  synthesis  of  organic 
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bodies.  Similarly  it  was  found  that  by  modifyiug  the 
ordinary  methods  of  the  chemical  laboratory  so  as  to 
imitate  more  closely  the  conditions  olitaiuiug  in  the  for- 
mation of  rocks  and  of  mineral  veins,  compounds  could 
be  produced,  ha\ing  not  only  the  chemical  composition, 
but  the  other  characteristics  of  the  natural  minerals. 
For  instance,  in  the  case  of  barium  sulphate,  the  material 
is  produced  in  the  laboratory  by  the  interaction  of  a 
solution  of  a  barium  salt  and  a  solution  of  a  sulphate. 
It  was  found  that  if  special  devices  were  adopted  so  that 
the  two  solutions  only  came  in  contact  with  extreme  slow- 
ness, the  forces  of  crystallization  came  into  play,  and  the 
barium  sulphate  separated  out  with  the  form,  hardness, 
and  other  characteristics  of  the  natural  mineral.  The 
processes  previously  employed  had  been  too  rough 
and  hasty,  and  had  not  repiroduced  the  conditions  of 
Nature's  laboratory.  Water  plays  a  part  in  most  of  the 
ordinary  chemical  processes,  but  under  the  usual  con- 
ditions water  cannot  be  raised  to  a  temperature  above 
100^  C,  since  it  is  then  converted  into  steam.  In  the 
depths  of  the  earth  great  pressures  come  into  play,  and 
when  there  is  at  the  same  time  a  high  temperature,  water, 
kept  by  pressure  in  the  liquid  state,  acts  imder  very 
special  conditions.  By  heating  silicates,  such  as  glass, 
with  water  in  strong  steel  vessels,  so  that  a  high  tempera- 
ture and  great  pressure  are  obtained,  it  is  found  that  the 
silica  is  separated  in  the  form  of  quartz,  in  crystals 
reproducing  in  the  most  complete  manner  the  minute 
peculiarities,  the  surface  markings  and  striations,  of  the 
natural  mineral.  For  the  production  of  corundum,  a  jiiu- 
is  employed,  i.e.  a  substance  which  fuses  at  a  moderate 
temperature  and  in  which  the  alumina  dissolves,  to 
separate  out  on  cooling  in  the  crystalline  form.  The 
colour  of  the  ruby — one  of  the  varieties  of  corundum — is 
due,  not  to  the  substance  of  which  it  is  mainly  composed, 
but  to  a  very  small  proportion  of  a  colouring  matter.  By 
the  addition  of  a  small  amoimt  of  a  suitable  material  the 
red  colour  is  obtained  in  the  product  of  the  laboratory, 
and  by  varying  the  colouring  material  sapphu-e  and 
oriental  emerald  have  been  obtained.  So  far  the  size 
of  the  specimens  has  been  small,  one-third  of  a  carat 
being  about  the  maximum  for  rubies.  The  carat  is  equal 
to  four  grains.  A  cut  ruby  weighing  a  grain  would  be 
suitable  for  one  of  the  smaller  stones  of  a  ruby  ring.  In 
the  process  of  cutting,  however,  the  weight  is  generally 
reduced  by  one  half,  so  that  the  largest  specimens  yet 
produced  are  not  adapted  for  employment  as  ornaments. 
They  are,  however,  used  in  the  jewelling  of  watches.  The 
details  of  the  method  employed  at  the  present  time  in 
their  production  are  as  follows.  The  chemically  precipi- 
tated amorphous  alumina  is  heated  with  barium  fluoride, 
or  a  mixture  of  the  fluorides  of  the  alkahne  earths,  which 
acts  as  a  flux,  and  a  trace  of  bichromate  of  potash  is 
added  to  impart  the  red  colour.  The  addition  of  carbonate 
of  potash,  which  renders  the  fused  mass  alkaline,  furthers 
the  formation  of  larger  crystals.  The  heating  is  kept  up 
for  several  days,  at  the  end  of  which  time  a  plentiftd 
crop  of  crystals  is  obtained.  Although  the  aggregate 
weight  obtained  in  one  operation  amounts  to  some  pounds, 
the  individual  crystals  are,  as  has  been  said,  small  in  size. 
It  is  frequently  contended  that  the  fact  of  reproduction  is 
the  only  essential  point,  and  that  the  size  of  the  crystals 
produced  is  of  httle  importance  fi-om  the  scientific  point 
of  view.  It  must,  nevertheless,  be  allowed  that  the 
interest  of  this  work  will  be  much  increased  when 
products  are  obtained  wliich  will  compare  in  size  and 
beauty  with  those  occiu-ring  in  nature. 

Of  other  gems,  some — as  the  garnet  and  the  spinelles— 
have  been  prepared  ;  others,  as  the  emerald,  have  hitherto 


pi'oved  less  tractable.  In  the  case  of  turquois,  the  arti- 
ficially prepared  substance  has  the  chemical  composition 
and  the  appearance  of  the  natural  stone  ;  but  inasmuch 
as  the  laboratory  product  behaves  diflerently  under  certain 
conditions,  as,  for  instance,  when  heated,  it  must  be  con- 
sidered as  an  approximate  reproduction  only,  if  not  looked 
upon  as  a  mere  imitation.  The  pearl  is  formed  of 
aragonite,  a  mineral  readily  reproduced  by  evaporating  a 
hot  solution  of  carbonate  of  Ume.  The  peculiar  beauty 
of  the  pearl  is,  however,  due  to  the  structure  resulting 
from  its  mode  of  growth.  It  would  be  rash  to  hazard  an 
opinion  as  to  whether  this  structure  could  be  imparted  by 
methods  at  the  disposal  of  the  chemist. 

But  the  great  problem  in  the  artificial  production  of 
gems  is  the  preparation  of  the  diamond,  and  this  problem 
is  still  unsolved.  Popular  prejudice  has  relegated  the 
attempt  to  the  same  category  as  the  endeavour  of  the 
alchemist  to  transmute  the  baser  metals  into  gold.  The 
aim  of  the  alchemist  was  once  a  legitimate  object  of  scien- 
tific research.  In  the  light  of  modern  ideas  on  the  nature 
of  chemical  elements  it  is  so  no  longer.  The  endeavour 
to  obtain  the  element  carbon  in  that  transparent  crystal- 
line form  in  which  it  is  found  in  nature,  has  certainly 
nothing  in  common  with  the  work  of  the  alchemist.  Yet 
the  light  in  which  the  attempt  is  viewed  by  the  majority 
is  still  that  so  graphically  described  by  Balzac  in  his  inge- 
nious novel.  La  Beclwrche  de  FAbsolu.  Balthazar  Claes 
devotes  his  life  to  the  endeavour  to  reproduce  the 
diamond,  and  "  people  would  scarcely  speak  to  him — a 
man  in  the  nineteenth  century  seeking  the  philosopher's 
stone.  They  called  him  an  alchemist,  and  said  he  might 
as  well  try  to  make  gold.  As  he  passed  by  in  the  street 
people  pointed  hiin  out  with  expressions  of  pity  or  con- 
tempt." The  want  of  success  which  has  hitherto  attended 
the  efforts  of  the  Balthazars  of  real  life  is  perhaps  scarcely 
to  be  wondered  at.  In  the  case  of  other  minerals  the 
successful  reproduction  has  generally  been  achieved  only 
after  the  minute  study  of  the  mode  of  natural  occurrence, 
and  this  has  afl:brded  guidance  as  to  the  best  means  of 
imitating  the  natural  process  of  formation.  It  is  only  of 
recent  years  that  the  diamond  has  been  found  in  its 
original  matrix,  so  that  materials  have  been  wanting  on 
which  to  base  experimental  methods.  The  chemical 
nature  of  the  body,  a  combustible  substance,  is  so  difl'e- 
rent  from  that  of  the  ruby  and  most  other  gems,  which 
are  oxides  or  oxidized  materials,  that  the  methods  to  be 
employed  for  its  production  will  probably  involve  the 
application  of  difl'erent  principles.  There  is  no  reason, 
however,  to  regard  the  problem  as  insoluble.  When 
sufficient  guiding  data  have  been  obtained,  skill  will  not 
be  wanting  to  imitate  in  the  laboratory  the  conditions 
under  which  Nature  has  worked  in  the  formation  of  this 
most  beautiful  product  of  the  mineral  world. 


THE  HOUSE  CRICKET. 

By  E.  A.  Butler. 


FEW  domestic  insects  have  succeeded  in  inspiring 
such  widely  difierent  sentiments  in  the  minds  of 
then-  hosts  as  the  House  Cricket.  To  most 
people  it  is  far  better  known  by  the  evidence  of 
the  ears  than  of  the  eyes.  Its  shrill  chirping, 
prognosticatory,  according  to  popular  belief,  of  cheerful- 
ness and  plenty,  reveals  the  performer's  presence  when 
no  trace  of  its  person  can  be  discerned ;  and  hke  the 
similar  soimd  made  by  its  near  relative,  the  grasshopper, 
it  is  one  which  there  is  great  diificulty  in  localising  or 
tracing  to  its  origin.     Distinct  and  intensely  penetrating 
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tbongli  this  "  shrilling "  is,  yet  most  people  find  it  a 
perplexing  task  to  decide  exactly  from  what  quarter  it 
proceeds.  This  constitutes  an  element  of  mysteriousness, 
and  it  is  not  surprising  that  the  invisible  minstrel  should 
have  been  credited  with  occult  influences.  The  feelings 
with  which  the  sound  has  been  regarded  have  accordingly 
varied  with  the  disposition  of  the  hearer,  from  super- 
stitious reverence  to  downright  dislike  and  extreme 
irritation.  While  to  Milton,  for  example,  "  the  cricket  on 
the  hearth  "  seemed  no  unsuitable  accompaniment  of 
thoughtful  solitude,  when  the  devotee  of  "  divinest  Melan- 
choly "  retires  to 

Some  still  removed  place  .   .   . 

Where  glowing  embers  through  the  room 

Teach  light  to  counterfeit  a  gloom, 

on  Gilbert  White,  the  naturalist  of  Selborne,  the  chirping 
of  crickets  had  quite  an  opposite  effect.  Speaking  of  the 
Field  Cricket,  which  is  in  most  respects  much  like  its 
cousin  of  the  house,  he  remarks :  "  Sounds  do  not  always 
give  us  pleasure  according  to  their  sweetness  and  melody  ; 
nor  do  harsh  sounds  always  displease.  We  are  more  apt 
to  be  captivated  or  disgusted  with  the  associations  which 
they  promote  than  with  the  notes  themselves.  Thus  the 
shrilling  of  the  field-cricket,  though  sharp  and  stridulous, 
yet  marvellously  delights  some  hearers,  filling  their  minds 
with  a  train  of  summer  ideas  of  everything  that  is  rural, 
verdurous,  and  joyous." 

If  poet  and  naturalist  do  not  agree  here,  still  less  are 
they  in  accord  in  other  instances  ;  if  to  the  former  the 
cricket  is  "Little  inmate,  full  of  mirth,"  "always  har- 
binger of  good,"  one  whose  song 
is  "soft  and  sweet"  (!),  to  the 
latter  it  is  a  "garrulous  animal," 
keeping  up  a  "  constant  din,"  "  a 
still  more  annoying  insect  than 
the  common  cockroach,  adding  an 
incessant  noise  to  its  ravages." 
And  while  the  simple  and  easy- 
going rustic  life  of  olden  times 
might  tolerate  and  even  enjoy  this 
incessant  clatter,  the  state  of 
nervous  tension  at  which  so  much 
of  present-day  life  is  lived  will  no 
doubt  lead  most  people  to  agree 
with  the  naturalist  here,  rather 
than  with  the  poet,  and  vote  the 
cricket  a  household  nuisance.  The 
noise  upon  which  such  different 
views  ha^•e  been  held  is  apparently 
a  love-call,  and  is  accordingly  pro- 
duced only  by  the  males,  the  female 
crickets  being,  in  fact,  through  the 
absence  of  the  requisite  machinery  for  chirping,  absolutely 
dumb.  To  the  cause  of  the  noise  we  shall  recur  pre- 
sently ;  meanwhile,  we  may  consider  the  zoological 
position  and  the  structure  of  the  insect. 

As  a  family  the  crickets  enjoy  a  wide  distribution,  and 
in  this  country  five  species  have  been  met  with,  though 
for  some  reason  best  known  to  themselves,  only  one  has 
domesticated  itself.  The  family  is  called  (in/lliihr,  and  is 
closely  allied  to  those  of  the  grasshoppers  and  locusts, 
forming  with  them  one  of  the  great  divisions  of  the  order 
Orthoptera,  viz.  that  of  the  "  leapers."  To  another  sec- 
tion of  the  same  order,  viz.  the  "runners,"  it  will  be 
remembered,  the  cockroach  belongs.  Our  English  domes- 
tic species  (Fig.  1)  is  called  (iri/lliai  iloiiicxtirm.  At  first 
sight  a  cricket  strikes  one  as  being  not  unhke  a  grass- 
hopper in  general  form,  the   resemblance   being   caused 


Fig.  1. — House  Cricket 
(^Gryllus  doinesticus). 


chiefly  by  the  great  proportionate  length  and  elevated 
position  of  the  hind  legs.  In  body,  however,  it  is  broader 
and  flatter  than  a  grasshopper,  and  in  other  respects  is 
sufficiently  distinct  to  be  regarded  as  the  type  of  a 
different  family. 

The  mouth  organs  bear  a  close  resemblance  to  those  of 
the  cockroach,  as  a  comparison  of  the  accompanying 
figures  with  those  of  Knowledge,  vol.  xii.,  p.  218,  will 
testify.  As  one  looks  in  the  insect's 
face,  the  greater  part  of  the  mouth 
organs  is  concealed  by  a  not  very 
stout  flap,  hinged  above  and  shaped 
like  a  cheese-cutter ;  this  is  the 
liihniiii,  or  upper  lip.  On  lifting  it, 
like  the  visor  of  a  knight's  helmet, 
there  is  disclosed  a  pair  of  stout, 
dark  brown,  horny,  toothed  jaws 
(iiiandililcf:,  Fig.  2),  which  are  used 
not  merely  to  divide  the  food,  but 
also  as  excavating  implements,  to 
hollow  out  retreats  into  wliich  the 
insects  can  retire  in  the  day-time 
or  when  alarmed.  These  mandibles 
again,  when  closed,  completely  cover 
the  rest  of  the  mouth  organs  ;  on  their  removal,  the  second- 
ary jaws,  or  maxilla.,  come  into  view  (Fig.  3) ;  these  are 
very  much  like  the  cockroach's,  the  inner  lobe  {bicinia) 
being  tipped  with  two  sharp  teeth,  and  received  for  pro- 
tection's sake  into  a  groove  of  the  outer  (i/alai),  and  they 
are  furnished  with  a  pair  of  five-jointed  palpi.  Beneath, 
or  rather  behind  them,  is  the  lnhiuni,  showing  again  a 
similar  structure  to  that  of  the  prototype,  and  equally 
obviously  composed  of  a  pair  of  jaws  which  have  co- 
alesced, i.e.  have  become  imited  into  a  single  organ  in  their 


Fio.  -'.  — Mandibl 
Cricket. 


Fig.  n. — JIouTH  Organs  of  Cricket.     «i,  maxillae  ;  mp,  maxill.irv 
jjalpi :  /,  labium  ;  //<,  labial  palpi  ;  t,  tongue. 

basal  portion ;  this,  too,  carries  a  pair  of  palpi.  The 
chief  difference  between  the  two  insects  is  to  be  seen  in 
the  appendage  to  the  labium  in  its  centre,  which  is  called 
the  liw/uhi,  or  "  tongue."  lliis  is  a  most  marvellous  and 
exquisite  structure,  and  deservedly  a  great  favourite  with 
microscopists.  As  shown  in  the  figure,  it  is  pressed  out 
of  place.  On  opening  the  mouth  it  will  be  seen  on  the 
floor,  rising  into  a  grooved,  hollow,  fleshy  eminence. 
When  flattened  out  it  is  found  to  be  a  kidney-shaped, 
leaf-like  expansion,  strengthened  throughout  by  radiathig 
fibres  of  chitinous  material,  which,  when  highly  mag- 
nified, show  a  beautiful  mosaic  structure.  Kitchen  refuse 
of  various  kinds  constitutes  the  food  of  these  creatures, 
and  a  good  deal  of  moisture  as  well  seems  to  bo  necessary 
for  their  well-being.  No  doubt  this  curious  tongue  helps 
them  in  drinking.     They  have  been  accused  of  gnawing 
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holes  in  stockiugs  hung  before  the  fire  to  dry,  in  order  to 
satisfy  their  cra\-ings  for  moisture.  Hence,  also,  it  is  not 
an  infrequent  experience  to  find  them  drowned  in  pans  or 
jugs  of  liquid. 

The  House  Cricket  is  more  or  less  of  a  pale  brown 
colour  throughout,  and,  unUke  the  cockroach,  it  is  fully 
winged  in  both  sexes,  and,  therefore,  has  uo  need  of  man's 
agency  to  supplement  its  powers  of  locomotion.  It  flies 
with  an  imdulatory  motion,  making  long  rising  curves  in 
the  air,  and  dropping  at  regular  intervals.  The  wings  are 
extremely  beautiful  objects  ;  in  fact,  the  house  cricket 
contains  so  many  exquisite  and  deUcate  structures,  that 
anyone  who  has  a  few  hours  to  spare  and  can  devote 
them,  with  a  good  microscope,  to  the  dissection  of  the 
insect,  will  find  ample  material  for  interesting  study  and 
observation.  There  are  two  pairs  of  wings,  the  upper  pair 
being  more  or  less  horny  and  exceedingly  different  in 
males  and  females  ;  and  the  under  pair  thin  and  mem- 
branous, and  similar  in  both  sexes.  When  closed,  the 
right  upper  wing  partly  overlaps  the  left,  and  the  under 
wings  project  in  the  form  of  long,  tapering,  rod-like 
pieces  beyond  the  tips  of  the  fore  wings,  extending  about 
half  as  far  again  as  these. 

The  fore  wings  are  much  broader  than  a  casual  glance 
would  suggest,  seeing  that  only  about  two-thu-ds  of  their 
width  lies  flat  along  the  back,  the  other  third  being  bent 
down  at  right  angles  to  the  rest,  and  Ijiug  close  along  the 
side.  Those  of  the  female  are  very  regularly  veined, 
there  being  two  systems  of  nervures  proceeding  in  oppo- 
site directions,  one  on  each  side  of  the  stout  ridge  at 
which  the  wing  is  bent.  But  the  wings  of  the  male 
(Fig.  4)  are  extremely  peculiar,  and  it  is  in  them  that  the 
power  of  chirping  resides.     There  is  the  same  division  into 


Fig.  i. — Right  Fore  wing  of  JIale  Ckicket.     a,  line  of  bending  ; 
6,  file  ;  c,  drum. 

two  areas  as  in  the  female,  but  the  hinder  section,  i.e.  the 
one  that  lies  on  the  back,  has  its  veins  distributed  very 
irregularly.  A  stoutish  nervure  runs  straight  across  this 
near  its  base,  and  then  beyond  it  a  large  clear  triangular 
area  is  left  almost  devoid  of  nervures.  At  the  apex  of 
this,  nearer  still  to  the  tip  of  the  wing,  is  another  similar, 
but  smaller  and  four- sided,  patch,  with  a  single,  pale, 
delicate  nervure  rimning  across  it,  and  the  rest  of  the 
wing  is  covered  pretty  closely  with  a  network  of  nervures. 
If,  now,  these  wings  be  turned  over  and  examined  beneath, 
it  will  be  found  that  the  straight  nervure  aforesaid  is 
crossed  transversely  by  a  large  number  of  little  hard 
ridges,  gi\ing  it  the  appearance  of  an  extremely  fine  file. 
These  are  much  too  small  to  be  seen  with  the  naked  eye, 
but  a  moderate  magnification  coupled  with  careful  focus- 
sing soon  brings  them  into  view.  When  the  chirping  is 
to  be  produced,  the  insect  bends  the  fore  part  of  the  body 
shghtly  downwards,  and  then  slightly  raising  the  fore 
wings,  rubs  them  rapidly  across  one  another ;  durmg  this 
motion,  the  file  of  one  rubbing  against  the  surface  of  the 
other  produces  a  creaking  ^-ibration,  which  is  greatly  in- 
tensified by  the  clear,  open  plates  above-mentioned,  w'hich 


are  therefore  called  "  drums."  It  wiU  now  be  evident  why 
the  females  are  mute ;  they  have  neither  "  file "  nor 
"  drum,"  and  hence  are  physically  incapable  of  "  singing." 
It  is  clear  from  the  above  that  the  chirping  is  in  no 
true  sense  of  the  word  either  a  voice  or  a  song,  being 
quite  unconnected  with  the  respiratory  organs  ;  it  is  a  purely 
external  and  mechanical  sound,  comparable,  as  a  means 
of  expressing  sentiments,  rather  with  the  human  device  ot 
clapping  the  hands,  or  flipping  the  fingers,  than  with  the 
utterance  of  sounds  with  the  mouth.  Of  course  it  is  not 
to  be  expected  that  an  insect  should  make  any  noise  with 
its  mouth  other  than  that  produced  by  eating,  since  the 
mouth  does  not,  as  is  the  case  with  us,  commimicate  with 
the  breathing  organs.  The  entrances  to  these  are  in  the 
cricket,  as  in  aU  other  insects,  along  the  sides,  and  any 
sound  that  might  be  produced  in  them  by  the  passage  in 
and  out  of  the  air  would  be  more  strictly  comparable  with 
the  voice  of  vertebrate  animals ;  some  insects,  as  for 
example,  the  common  bluebottle-fly,  are  able  to  produce  a 
noise  in  this  way,  and  may  therefore  be  truly  said  to 
possess  a  voice.  But  that  is  by  no  means  the  rule,  and 
the  soimds  insects  produce  are  in  general  the  restilt  of  the 
friction  of  external  parts  upon  one  another. 

The  hind  wings  of  the  cricket  are  exceedingly  delicate, 
and  are  each  strengthened  by  about  fifty  nervures  radiating 
fan-wise  from  the  base.  As  about  half  these  neirvures  are 
weaker  than  the  rest,  the  weak  ones  being  placed  alter- 
nately with  the  strong  ones,  the  whole  wing  cau  be  folded 
up  lengthwise  like  a  fan,  and  this  accounts  for  its  pointed 
form  as  it  protrudes  from  beneath  the  upper  wing.  It  is  this 
jjeculiar  method  of  straight,  longitudinal  folding  that  has 
caused  the  name  Orthoptera  (N/c'/iV/Zif-winged)  to  be  given 
to  the  order. 

Of  course  the  power  of  chirping  implies  the  power  of 
hearing.  It  is  only  natural  to  suppose  that  the  male 
crickets  would  long  ago  have  abandoned  the  habit  of 
serenading  (if,  indeed,  they  had  ever  perfected  it)  if  their 
mates  had  not  been  able  to  recognise  their  attentions.  It 
is  rather  curious,  however,  that  this  insect,  notwithstand- 
ing its  hving  in  our  houses,  and  the  con- 
siderable cm'tailment  of  its  field  of  quest 
for  partners  consequent  thereupon,  should 
have  preserved  almost  as  strongly  as  its  out- 
door relative  this  power  of  chirping ;  one 
cannot  help  feeling  a  suspicion  that,  if  this 
vigorous  minstrelsy  be  merely  of  an  amatory 
nature,  either  the  gentler  sex  in  the  cricket 
world  have  become  extremely  coy,  or  else 
there  is  a  vast  deal  of  wasted  energy  on  the 
part  of  their  swains.  However  that  may 
be,  as  the  power  of  recognition  of  this  call 
seems  as  though  it  must  be  an  important 
matter  in  cricket  economy,  we  naturally 
look  about  for  some  special  apparatus  suit- 
able for  the  detection  of  soimds,  of  a  much 
more  indubitable  character  than  is  generally 
met  with  in  insects.  .\nd  the  search  is  soon 
rewarded.  It  is  only  necessary  to  examine  the 
tibia,  or  shank,  of  the  fore  legs,  just  below  its 
jimction  with  the  thigh,  to  find  an  organ  to 
which  it  is  diiiicult  to  assign  any  other  function.  Here, 
on  the  flattened  outer  edge  is  a  long,  oval,  transparent, 
membranous  disc,  stretched  over  a  corresponding  aperture 
in  the  walls  of  the  leg  (Fig.  5),  and  exactly  opposite  it,  on 
the  other  side  of  the  leg,  there  is  a  sunilar,  but  roimd  and 
much  smaller  disc  ;  between  these  two.  in  the  centre  of 
the  hollow  shaft  of  the  leg,  is  a  bladder-like  expansion  of 
the  main  breathing-tube  of  the  leg.  Numerous  curiously 
shaped  neiTe- endings,  having  the  peculiar  form  of  those 
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of  special  sense,  are  distributed  at  this  spot,  and  the 
action  of  the  complex  apparatus  seems  to  be  such  that 
the  membranous  disc,  vibrating  in  response  to  the  chirping 
of  some  distant  mdividual,  communicates  its  motion  to 
the  air  within  the  breathing-tube,  which  in  its  turn 
affects  the  neighbouring  nerves,  thus  enabling  the  insect 
to  perceive  the  sound. 

Projecting  from  the  hinder  part  of  the  female's  body 
is  a  long  ovipositor,  consisting  of  a  double  boring  im- 
plement, used  in  depositing  the  eggs  in  suitable  situa- 
tions. Large  numbers  of  eggs  are  laid,  and  the  course  of 
development  is  similar  to  that  of  the  cockroach  or  bed- 
bug, the  eggs  yielding  small,  active,  six-legged  creatures, 
something  like  their  parents  in  form  ;  after  a  series  of 
moults,  these  attain  by  progressive  changes,  but  without 
any  pause  in  their  activity  or  suspension  of  their  fimc- 
tions,  the  adult  size  and  form,  acquiring  wings  only  at 
the  last  moult.     The  metamorphosis  is  thus  incomplete. 

Two  long,  unjointed,  tapering  appendages,  pointing  back- 
wards, project  from  near  the  extremity  of  the  abdomen  in 
both  sexes.  They  are  furnished  abundantly  with  very 
fine  hairs,  and  are  probably  sense  organs,  possibly  giving 
notice  of  impending  danger  from  behind. 

Crickets  are  pugnacious  insects  amongst  their  own  kind  ; 
notwithstanding  similarity  of  habits,  however,  they  are 
often  found  inhaliiting  the  same  houses  as  cockroaches. 
But  it  seems  probable  that  the  steadily  advancing  armies 
of  the  latter  insect  will,  in  the  course  of  time,  either 
exterminate  them,  or  compel  them  to  take  to  an  out-door 
life.  This  latter  they  are  not  averse  to  doing  in  the 
sunnner  time  even  now.  But  from  the  way  in  which  they 
hug  the  kitchen  ;iire,  it  seems  as  if  artificial  warmth  is 
essential  for  them  in  the  winter. 


CLUSTERING    STARS   AND    STAR-STREAMS. 

By  .J.  E.  Gore,  F.K.A.S. 

THE  general  tendency  of  the  stars  to  gather  into 
groups,  more  or  less  marked,  is  perhaps  indicated 
by  their  ancient  division  into  constellation  figures. 
In  the  Northern  Hemisphere  we  have  the  well- 
known  groups  of  the  "  Plough  "  (Ursa  Major),  "  Cas- 
siopeia's Chair,"  the  "  Sickle  "  in  Loo,  Corona  Borealis  or 
the  Northern  Crown,  and  Orion ;  and  in  the  southern 
hemisphere  the  Southern  Cross,  Scorpion,  Corvus,  &c. 
The  "  Dolphin's  Rhomb,"  the  head  of  Hydra,  and  the 
group  near  the  binary  star  70  Ophiuchi  also  form  ex- 
amples of  this  clustering  tendency. 

That  in  some  of  these  groups,  at  least,  the  connection 
is  real  and  not  merely  apparent  is  shown  by  the  com- 
munity of  "  proper  motions  "  discovered  by  the  late  Mr. 
Proctor  in  the  five  stars  of  the  "  Plough,"  /?,  y,  S,  e, 
and  ^''' — a  connection  afterwards  verified  by  Dr.  Huggins's 
spectroscopic  observation  of  their  motion  in  the  line  of 
sight.  We  have  a  similar  case  in  "  Cassiopeia's  Chair," 
where  several  of  the  stars  in  this  well-known  group 
seem  to  be  moving  in  the  same  general  direction  through 
space. 

Among  the  lucid  stars,  the  most  remarkable  examples 
of  this  clustering  tendency  are  found  in  the  smaller 
groups,  such  as  the  Hyades  and  Pleiades.  In  the  latter 
cluster — perhaps  the  most  remarkable  group  of  stars  in 


*  Dr.  Auwer's  subsequent  determinations  have,  however,  shown 
that  in  throo  of  those  stars,  p,  y,  and  o,  the  "  proper  motion  "  is 
small  ami  doubtful.  We  have,  however,  a  i|uintuple  system  in  €,  f, 
Alcor,  and  the   telusuupic  and  spectroaoopic  eumpuuious  uf  ^. 


the  heavens — six  stars  are  visible  to  ordinary  eye-sight, 
but  some  persons  gifted  with  keener  vision  can  see  a 
larger  number.*  There  is  a  tradition  that  seven  stars  were 
originally  visible  to  average  eyes,  but  that  one  disappeared 
at  the  capture  of  Troy.  With  reference  to  this  supposed 
disappearance  of  the  "lost  Pleiad,"  Professor  Pickering 
has  recently  discovered  that  the  spectrum  of  Pleione 
(which  forms  a  wide  pair  with  Atlas)  bears  a  striking  re- 
semblance to  that  of  P.  (34)  Cygni,  the  so-called  "  tem- 
porary star  of  1600."  The  similarity  of  the  spectra 
shown  by  these  two  stars  suggests  that  Pleione  may — like 
the  star  m  Cygnus — be  subject  to  occasional  accessions  of 
light,  which  may,  perhaps,  account  for  its  possible  visi- 
bility to  the  naked  eye  in  ancient  times.  Examined  with 
a  telescope  the  Pleiades  show  an  enormously  increased 
number  of  stars — even  with  an  opera-glass  a  considerable 
number  may  be  seen — and  in  a  photograph  of  the  group, 
taken  at  the  Paris  Observatory  with  an  exposure  of  three 
hours,  no  less  than  2,326  stars  can  readily  be  counted  in 
a  space  of  about  3  square  degrees.  In  this  remarkable 
picture,  smaller  aggregations  of  stars  are  \'isible  ;  for 
instance,  Alcyone,  the  brightest  of  the  whole  group,  forms 
one  of  a  small  cluster  of  some  ten  stars,  and  Maia  and 
Merope  have  several  faint  stars  near  them.  A  common 
proper  motion  in  many  of  the  brighter  stars'of  the  Pleiades 
shows  that  here  also  we  have  a  family  of  stars  traveUiug 
through  space  together. 

The  Hyades  also  form  a  remarkable  naked-eye  group, 
with  the  brilliant  red  star,  Aldebaran,  as  their  leader,  but 
the  component  stars  are  not  so  closely  crowded  as  in  the 
Pleiades  group.  I  am  not  aware  whether  the  Hyades  have 
yet  been  photographed. 

Another  well-known  cluster  is  the  Priesepe,  or  the 
"Beehive,"  in  Cancer.  The  stars  composing  it  are,  how- 
ever, scarcely  perceptible  to  the  unaided  eye,  and  in 
ancient  times  this|cluster,  from  its  nebulous  aspect,  was  pro- 
bably ranked  as  a  nebula,  and  perhaps  placed  in  the  same 
class  with  the  great  nebula  in  Andromeda,  which  was 
also  known  to  the  earlier  astronomers. 

Coma  Berenices  is  another  example  of  a  scattered  cluster. 
Here  the  stars  are  brighter,  and  may  be  well  seen  with  an 
opera-glass. 

Among  clusters  a  little  beyond  the  hmits  of  naked-eye 
vision,  there  are  many  interesting  examples  of  star  clus- 
tering which  may  be  seen  with  a  binocular  or  good  opera- 
glass.  One  of  the  most  remarkable  of  these  surrounds 
the  star  5  Vulpeculie.  I  give 
two  drawings  of  this  curious 
little  asterism,  one  (Fig.  1)  as 
seen  by  myself  with  a  2-inch 
telescope,  and  the  other  (Fig. 
2)  as  drawn  by  Mr.  Espin,  with 
a  reflecting  telescope  of  17:^ 
inches  aperture.  The  tendency 
of  the  brighter  stars  to  run  in 
lines  will  be  noticed,  and  the 
curious  grouping  of  fainter  stars  towards  the  left  of  the 
larger  diagram  is  also  remarkable.  This  group  should  be 
photographed.  It  is  surroimded  by  Milky  Way  light, 
accordmg  to  both  Boeddicker  and  Heis. 

About  2j  degrees  preceding  the  bright  star  Pollux  I 
see  a  small  cluster  of  stars,  of  about  the  7th  and  8tb 
magnitudes,  which,  with  a  binocular  field-glass,  very 
much  resembles  the  Pleiades  as  seen  with  the  naked  eye. 
The  stars  10,  11  and  12  Geminorum  (north  preceding  /x 


*  Miss  Airy  is  said  to  have   seen   12,  and   Mostlin  (according  to 
Kepler)  no  loss  than  14, 
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Geminorum)  also  lie  in  a  small  cluster  of  stars,  which 
may  also  be  well  seen  ■nnth  a  binocular. 

The  well-kno\vn  double  cluster  x  Persei  may  be  seen 
with  an  opera-glass,  but  a  telescope  is  necessary  to  see  the 
component  stars,  and  the  larger  the  instrument  the  greater 
the  number  visible  in  these  wonderful  objects,  which, 
like  many  somewhat  simDar  clusters,  lie  in  the  Milky 
Way.  This  twin  cluster  has  been  well  photographed  at 
the  Paris  Observatory,  and  also  by  Mr.  Roberts.  On  the 
Paris  photograph^ — at  least,  in  the  paper  print  in  my 
possession — the  clusters   are   clearly   resolved  into   stars 


with  no  trace  of  outstanding  nebulosity,  suggesting  that 
the  component  stars  are  probably  at  nearly  the  same 
distance  from  the  earth. 

The  cluster  39  ilessier,  between  tt'  and  71  Cygni,  may 
be  well  seen  with  a  binocular,  in  which  it  somewhat 
resembles  the  Pleiades  as  seen  with  the  naked  eye. 

Another  fine  open  cluster  will  be  found  a  little  north, 
following  /3  Ophiuchi.  Between  fi  and  y  Ophiucbi  is  a 
remarkably  blank  spot.  On  August  15,  1800,  I  failed  to 
glimpse  the  faintest  star  with  binocular  in  a  clear,  moon- 
less sky,  a  striking  contrast  to  the  rich  region  north  of  /3. 
A  similar  blank  space  will  be  found  just  north  of  the  stars 
IT  and  <t>  Aquilie  (north  of  Altair).  On  September  3,  1886, 
I  could  only  see  glimpses  of  very  faint  stars  with  the 
binocular  in  a  sky  clear  and  moonless,  a  remarkable 
vacuity  so  close  to  a  region  of  bright  stars,  and  a  good 
example  of  an  interesting  stellar  feature,  namely,  rich  and 
poor  regions  in  close  proximity.  I  may  here  mention 
that  a  region  of  considerable  extent,  remarkably  barren  of 
bright  stars,  will  be  noticed  with  the  naked  eye  in  the 
northern  hemisphere.  This  comparatively  poor  region, 
which  contains  no  star  brighter  than  the  4th  magnitude, 
is  bounded  by  Cepheus,  Cassiopeia,  Perseus,  Auriga, 
Gemini,  Ursa  Major,  Draco,  and  Ursa  Minor,  and  forms  a 
conspicuous  feature  in  the  north-eastern  portion  of  the 
sky  in  the  early  winter  evenings.  It  will  be  noticed  that 
the  bounding  constellations  all  contain  conspicuous  stars. 

Examined  with  a  telescope,  the  heavens  aflbrd  numerous 
instances  of  stellar  aggi'egatiou.  The  Milky  Way  forms, 
of  course,  the  most  remarkable  example,  on  a  great  scale, 
but  among  comparatively  isolated  groups  there  are 
numerous  interesting  objects.  Of  these,  the  cluster  known 
as  35  Messier — a  little  north  of  the  variable  star  tj 
Geminorum — is  visible  in  an  opera-glass,  but  a  telescope 
is  required  to  see  the  component  stars.  A  very  beautiful 
photograph  of  this  cluster  has  been  taken  at  the  Paris 
Observatory.  A  well-marked  clustering  tendency  is 
visible  among  the  brighter  stars  of  the  gi-oup,  two,  three, 
four,  and  sometimes  five  stars  being  grouped  together  in 
subordinate  clusterings. 

In  the  southern  hemisphere  a  splendid  cluster  of  small 
stars  surrounds  the  star  k  Crucis.  Sir  John  Herschel 
charted  110  stars  to  the  7th  magnitude  and  fainter.     Some 


of  the  component  stars  are  coloured  with  red,  greenish, 
and  bluish  tints,  which,  he  says,  "  give  it  the  aspect  of  a 
superb  piece  of  fancy  jewellery."  It  lies  near  the  northern 
edge  of  the  well-known  "  Coal-sack,"  and  Dr.  Gould  says 
of  it :  "  The  exquisitely  beautiful  cluster  k  Cruciti  contains 
a  large  number  of  stars  of  various  tints  and  hues,  con- 
trasting wonderfully  with  each  other,  when  viewed  with  a 
telescope  of  large  aperture."  A  drawing  by  Mr.  Russell  of 
this  cluster,  made  in  1872,  shows  some  well-marked  star- 
streams. 

Just  north  of  ^  Scorpii  is  a  bright  cluster  which  I  found 
\-isible  to  the  naked  eye  in  the  Punjab  sky  as  a  hazy  star 
of  about  4i  magnitude.  With  a  3-inch  refractor  the 
components  were  well  seen. 

The  so-called  "globular  clusters"  form  excellent 
examples  of  the  clustering  tendency,  but  here  the  com- 
ponent stars  lie  so  close  together  that  their  physical 
connection  cannot  be  doubted. 

Among  groups  of  stars  not  usually  classed  as  clusters 
there  are  many  examples  of  this  aggregating  tendency 
\-isible  on  the  stellar  photographs  taken  at  the  Paris 
Observatory.  Photographs  of  portions  of  the  Milky  Way 
in  Cassiopeia,  Gemini,  and  Lyra  show  the  small  stars  to 
be  in  many  places  not  scattered  uniformly,  but  with  a 
marked  tendency  to  cluster  into  subordinate  groups  ad- 
joining comparatively  starless  spaces.  This  is  especially 
noticeable  on  a  photograph  of  a  portion  of  the  constella- 
tion Gemini  (R.A.  6h.  10m.,  N.  20°  20  ),  a  little  south  of 
7]  Geminorum.  On  these  photographs  many  cases  occur 
in  which  three,  four,  or  more  stars  are  grouped  together, 
often  in  a  straight  line,  or  nearly  so,  and  to  all  appearance 
comparatively  isolated  from  their  surrounding  neighbours. 
On  a  photograph  of  a  rich  MUky  Way  region  in  Cygnus 
(R.A.  19h.  45m.,  N.  35°  30')  taken  by  Mr.  Roberts  at 
Liverpool,  with  an  exposure  of  60  minutes,  on  which  no 
less  than  10,200  stars  may  be  counted  (in  an  area  of 
about  4  degrees),  similar  features  are  noticeable. 

In  his  observations  of  the  Milky  Way  in  the  southern 
hemisphere  Sir  John  Herschel  says  :  "  Here  (R.A.  17h. 
50m.,  S.  33°-36°)  the  Milky  Way  is  composed  of  separate, 
or  slightly,  or  strongly  connected  clouds  of  semi -nebulous 
Ught ;  and  as  the  telescope  moves,  the  appearance  is  that 
of  clouds  passing  in  a  sciul,  as  the  sailors  call  it."  "  I 
could  fill  a  catalogue  with  the  clusters  of  the  6th  class 
which  are  here.  The  Milky  Way  is  like  sand,  not  strewn 
evenly  as  with  a  sieve,  but  as  if  flung  down  by  handfuls 
(and  both  hands  at  once),  leaving  dark  intervals,  and  all 
consisting  of  stars  14  .  .  .  16  .  .  .  20m.  down  to  nebu- 
losity, in  a  most  astonishing  manner." 

No.  2,908.  "  Cluster  7th  class.  The  second  of  two  stars 
9m.  which  may  be  considered  the  leading  stars  of  the  very 
large  and  fine  cluster  of  the  Nubecula  Major,  which  fills 
many  fields,  is  of  all  degrees  of  condensation  and  much 
broken  up  into  groups  and  patches.  .  .  .  The  field  full  of 
grouping  stars." 

The  tendency  of  the  stars  to  rim  in  streams  is  pointed 
out  by  Proctor  in  his  Unircrse  mul  the  Coiiiiiu/  Transits 
(first  two  chapters).  Among  the  lucid  stars  the  most  re- 
markable instances  of  this  stream-forming  arrangement 
are  found  in  Pisces,  Scorpio,  "  the  river  Eridanus,"  the 
streams  in  Aquarius,  and  the  festoon  of  stars  formed  by  rj, 
y,  a,  8,  and  /x  Persei.  The  stream  forming  the  constella- 
tion Eridanus  was  noticed  by  the  ancients  (as  the  name 
"  river  "  implies),  but  in  this  case  the  stars  are  so  far 
apart  that  the  connection  is  probably  more  apparent  than 
real.  Perhaps  the  same  may  be  said  of  the  streams  form- 
ing Scorpio  and  Pisces,  but  still  they  are  sufficiently  well- 
defined  to  attract  the  eye  of  even  a  casual  observer. 
Other  examples  of  the  kind  may  be  seen  in  Corona  Borealis, 
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or  the  Northern  Crown  ;  in  Corona  Austrahs  in  the  southern 
hemisphere  ;  and  also  among  fainter  stars  visible  to  the 
naked  eye,  or  w-ith  an  opera-glass. 

But  it  is  among  the  still  fainter  stars — those  visible  only 
with  a  telescope  or  revealed  by  photography — that  we  find 
the  most  striking  examples  of  this  stream-forming  ten- 
dency. In  these  cases  the  small  stars  composing  the 
streams  are  comparatively  close  together — at  least,  ap- 
parently so — and  for  this  reason  the  evidence  in  favour  of 
a  real  physical  connection  is  proportionately  stronger. 
Webb  says*  :  "  A  little  n.  ji.  /x  Sagittarii  xviih.  57m., 
S.  18°  50'  is  a  spot  referred  to  by  Secchi  as  exemplifying 
in  a  high  degree  the  marvellous  structure  which  the  great 
achromatic  at  Eome  shows  in  the  Galaxy.  The  remarks 
of  this  accomplished  astronomer  on  the  successive  layers 
of  stars  are  very  curious  :  first  he  finds  large  stars  and 
lucid  clusters ;  then  a  layer  of  smaller  stars,  certainly 
below  12  mag. ;  then  a  nebulous  stratum  with  occasional 
openings.  But  what  he  says  startled  him,  and  all  to 
whom  he  showed  it,  was  the  regular  disposition  of  the 
larger  stars  in  figures  '  si  geometriques  qu'il  est  impossible 
de  les  croire  accidentelles.  La  plus  grande  partie  sont 
comme  des  arc  de  spirale  ;  on  pent  compter  jusqu'a  10  ou 
12  ctoiles  de  la  9me.  a  la  lOme.  grandeur.  .  .  .  Se  sui- 
vant  sur  une  meme  courbe  comme  les  grains  de  chapelet ; 
quelquefois  elles  forment  des  rayons  qui  semblent  diverger 
d'un  centre  commun,  et  co  qui  est  bien  singulier,  on  voit 
d'ordmaire  que,  soit  au  centre  des  rayons,  soit  au  com- 
mencement de  la  branche  de  la  courbe,  on  trouve  une 
etoile  plus  grande  et  rouge.  II  est  impossible  de  croire 
que  telle  distribution  soit  accidentelle.'  " 

I  have  already  noticed  that  on  the  Paris  stellar  photo- 
graphs many  cases  may  be  seen  of  three  or  more  stars 
placed  in  a  straight  line,  or  nearly  so.  Sometimes  a 
comparatively  bright  star  seems  to  draw  a  train  of  fainter 
stars  after  it,  like  the  tail  of  a  comet,  and  occasionally  a 
stream  of  stars  of  nearly  equal  brightness  may  be  traced 
for  some  distance  from  their  source.  In  the  photograph 
of  the  cluster  38  Messier,  this  stream-formation  is  well 
marked  among  the  brighter  stars.  Webb  describes  it  as 
"  a  noble  cluster  arranged  as  an  oblique  cross. "+ 

Observing  with  a  3-inch  telescope  in  India,  in  July 
187-1,  I  noticed  a  beautiful  cluster  of  stars  about  ■L°  north 
of  \  and  V  Scorpii,  resembling,  in  shape,  a  bird's  foot,  with 
remarkable  streams  of  stars.  This  cluster  is  visible  to  the 
naked  eye  as  a  star  of  5  or  5s  magnitude. 

Sir  WiUiani  Herschel,  speaking  of  the  compressed 
cluster  H.  vi.  25  in  Perseus,  says,  "  the  larger  stars  arc 
arranged  in  luaes  like  interwoven  letters";  and,  Webb 
Bays,  "  it  is  beautifully  bordered  by  a  brighter  fore- 
shortened pentagon." 

From  the  close  proximity  of  the  component  stars — of 
some  at  least  of  these  clusters — the  reality  of  a  physical 
connection  between  them  seems  beyond  dispute,  and  from 
analogy  we  may  conclude,  I  think,  that  "  streams  "  and 
"  sprays  "  of  stars  in  otlier  portions  of  the  heavens  are,  in 
some  cases  at  least,  due  to  a  real  and  not  merely  an 
apparent  connection. 

From  a  telescopic  examination  of  the  Milky  Way, 
Professor  Holden  finds  numerous  star  -  streams,  and 
also  arrangements  forming  "small  definite  ellipses"  of 
stars,  often  all  of  the  same  size.  ...  In  certain  parts  of 
the  sky,  the  arrangement  is  so  intricate  that  no  single 
pattern  can  be  discovered.  In  most  regions  a  little  atten- 
tion will  show  that  there  are  several  patterns,  one  for 


*  Celestial  Ohjects,  Fourth  Kdition,  p.  3S5,  foot-note. 
i  Ibid.,  p.  '2il. 


each  of  the  fainter  magnitudes  of  stars  "  (Monthly  y(jtices, 
E.A.S.,  Dec.  1889). 

In  a  paper  in  the  Monthly  Xotices,  R.A.S.,  for  April 
1890,  Mr.  Backhouse  calls  attention  to  the  "  straight  lines 
and  parallel  arrangements  of  pairs,  lines,  and  bauds  of 
stars,  and  also  of  irresolvable  wisps  "  observed  by  him  in 
a  portion  of  the  Milky  Way  included  between  the  .stars  15, 
13,  8  Monocerotis,  a  Orionis,  ^  Tauri,  and  5,  fj.,  ^  Gemi- 
norum,  and  "  besides  the  parallehsms "  he  notes  "  a 
most  wonderful  case  of  radiation  of  .stars  and  'visps  in  a 
fan-shaped  group,  08  Orionis  being  approximately  the 
centre."  He  finds  a  preponderance  of  the  groupings  "at 
an  average  delation  of  15°  from  the  direction  of  Gould's 
Galactic  Equator,  viz.  at  a  position  angle  of  345°  with 
that  great  circle,  and  more  nearly  parallel  with  a  Galactic 
Equator  derived  from  Proctor's  chart  of  the  DunhiiiuKtenuuj 
stars,  and  be  adds  :  "  One  conclusion  derived  fi'om  the  in- 
vestigation is  that  the  stars  and  wisps  in  parallel  lines  are 
probably  in  the  same  region  of  space  ;  and  therefore  that 
the  majority  of  the  stars — at  least  of  those  down  to  the 
9th  or  10th  magnitude — in  extensive  tracts  of  the  area 
examined  are  really  near  one  another." 

An  examination  of  Dr.  Boeddicker's  beautiful  drawing 
of  the  Milky  Way  seems  to  show  that  the  Galaxy  itself  is 
— at  least,  chiefly — composed  of  "star-streams"  and 
"  star-sprays  "  and  clustering  groups  of  small  stars,  and 
does  not  represent  a  "  cloven  "  flat  disc,  as  was  originally 
supposed. 

Mr.  Proctor  pointed  out  that  "  the  nebular  system  also 
shows  the  most  marked  tendency  to  stream-formation." 
Li  the  great  nebular  region  in  Virgo  and  Coma  Berenices, 
he  finds  that  "  the  stars  are  not  arranged  imiformly  over 
either  region,  but  to  some  degree  clusterLngly  with  inter- 
spersed spaces  relatively  vacant.  Now  no  nebula  appear 
in  the  more  vacant  spaces,  nor  do  nebula  appear  chiefly 
where  the  stars  are  more  clustered.  It  is  on  the  borders 
of  star-clusterings,  and  in  the  breaks  of  star-streams,  that 
the  nebuhe  show  themselves,  precisely  as  though  they 
had  taken  the  place  of  stars  where  star-matter  began  to 
fail."  This  fact,  considered  in  connection  with  Laplace's 
Nebular  Hypothesis,  is  very  remarkable  and  suggestive. 
The  nebulie  seen  in  the  streams  may  possibly  represent 
stars  in  their  initial  stage. 


WHAT  IS  A  VOLCANO? 

By  tue   Rev.  H.  N.  Hutchinson,  B.A.,  F.G.S. 

IN  old  days  volcanoes  were  regarded  with  superstitious 
awe,  and  any  investigation  of  their  action  would 
have    been    considered    rash   and   impious   in    the 
highest  degree.      A   certain  "burning  moimtaiu  " 
in  the  Lipari  Isles,  called  Volcano,  was   considered 
to  be  the  forge,  or  workshop,  of  Vulcan,  the  god  of  Fire. 
And  so  it  comes  about  that  all  "  burning  mountains  "  take 
their  name  from  this  island  in  the  Mediterranean. 

In  the  present  paper  it  will  only  be  possible  to  consider 
two  aspects  of  the  subject  of  volcanoes,  which  may, 
perhaps  be  more  suitably  presented  in  the  form  of  ques- 
tions, viz.  (1)  WItat  t.s  a  rokano .'  (8)  Wliat  (or  tht'  chiif 
phenomena  of  rolcanic  action  ! 

In  the  first  place,  a  volcanic  mountain  consists  of  alter- 
nating sheets  of  ash  and  lava,  mantling  over  each  other 
in  an  irrogiUar  way,  and  all  sloping  (or  "  dipping,"  as 
geologists  say)  away  from  the  centre.  In  the  centre  is  a 
pit,  or  chimney,  widening  out  towards  the  top  so  as  to 
resemble  a  funnel  or  a  cup.  Hence  the  name  "  crater," 
which  means  a  cup.  In  the  centre  of  the  cone  there  is 
fi-equently  a  little  minor  cone.     As  oiu'  readers  will  pro- 
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bably  be  aware,  many  of  the  lunar  volcanic  craters  also 
possess  these  little  minor  cones,  which  are  well  seen  in 
some  of  the  larger  photographs  of  the  moon's  surface.  A 
number  of  cracks,  or  fissures,  radiating  from  the  central 
orifice,  intersect  the  volcano.  These  get  filled  with  lava 
welling  up  from  below,  and  from  what  are  called  "  dykes," 
which  may  be  regarded  as  so  many  sheets  of  igneous  rock 
— basalt  or  felsite,  as  the  case  may  be — that  have,  while 
in  a  molten  condition,  forced  their  way  in  among  the 
layers  of  ash  and  lava.  The  word  "  ash "  is  used  by 
geologists  in  a  special  sense;  and  volcanic  ash  is  not,  as 
might  be  supposed,  a  deposit  of  cinders,  but  mostly  of 
dust  of  various  degrees  of  fineness ;  and  sometimes  it  is 
very  fine  indeed.  It  is  synonymous  with  the  word 
"tuff."  Pieces  of  pumice-stone  may  be  embedded  in  a 
volcanic  tuff,  but  they  only  form  a  small  part.  How 
these  volcanic  tuffs  are  formed  we  shall  explain  pre- 
sently. 

Dykes  strengthen  the  mountain  and  tend  to  hold  it 
together  when  violently  shaken  during  an  eruption.  But 
notwithstanding,  it  sometimes  happens  that  the  whole 
structure  is  blown  to  pieces  by  some  unusually  violent  out- 
burst. 

The  shape  and  steepness  of  a  volcano  vary  with  the 
nature  of  the  materials  ejected.  The  finer  tije  volcanic 
tuff'  the  steeper  and  more  conical  is  the  mountain.  The 
formation  of  a  volcano  may  not  be  inaptly  illustrated  by 
the  little  cone  of  sand  formed  in  an  hour-glass  as  the 
sand-grains  fall.  The  latter  settle  down  to  a  certain 
slope,  or  angle,  at  which  they  can  remain  in  their  place. 
This  is  known  as  the  "  angle  of  repose."  When  the 
materials  are  coarse  the  angle  is  less.  When  they  are 
fine  the  angle  is  greater.  The  district  of  Auvergne  in 
France  contains  a  number  of  very  interesting  extinct 
volcanoes,  some  of  which  were  formed  principally  of  a 
thick  and  viscous  lava  which  slowly  welled  up  from  below, 
and  in  so  doing  formed  round  and  dome-shaped  little  hills 
such  as  the  "  Puy  de  Dome."  Vesuvius,  Teneriffc,  .Jorullo 
in  Mexico,  and  Cotopaxi  in  the  Andes,  are  examples  of 
steep  volcanoes  built  up  principally  of  volcanic  tuff. 
Others,  more  irregular  in  shape,  such  as  Kilauea  in  the 
Sandwich  Islands,  are  largely  built  uj)  by  successive  lava- 
Hows.  Little  minor  cones  are  frequently  developed  on  the 
fiauks  of  a  volcano,  which  during  eruptions  give  rise  to 
small  outbursts  on  their  own  account.  They  are  easily 
accounted  for  by  the  dykes  wliich  we  mentioned  just  now  ; 
for  when  the  molten  rock  forces  its  way  through  the 
fissures,  it  sometimes  finds  an  outlet  at  the  surface,  and, 
being  full  of  steam,  as  soda-water  is  fidl  of  gas,  it  gives 
rise  to  an  eruption.  The  central  orifice,  with  its  molten 
lava,  is,  as  it  were,  a  great  dyke  which  has  reached  the 
surface  and  so  succeeded  in  producing  an  eruption.  The 
opening  of  a  soda-water  bottle  not  infrequently  illustrates 
a  volcanic  eruption ;  for  when  the  pent-up  carbonic  acid 
cannot  escape  fast  enough  it  forces  out  some  of  the  water, 
even  when  the  bottle  is  held  upright. 

Lastly,  every  volcano  is  built  up  on  a  platform  of 
stratified  rocks,  or  strata,  laid  down  in  the  usual  way 
under  water,  and  at  some  period  subsequent  to  their 
formation  molten  matter  came  up  from  below,  and  found 
its  way  through  them  to  the  old  land-surface  which 
they  formed.  Earthquake  shocks  preceding  the  first 
eruption  probably  cracked  up  the  strata,  and  so  facilitated 
the  uprise  of  the  lava  with  its  imprisoned  steam. 

The  main  point  which  we  wish  to  emphasize  is  that 
volcanoes  are  never  formed  by  upheaval.  They  must  not 
be  regarded  as  blisters  due  to  the  swelling  or  upheaval  of 
strata,  but,  as  we  have  endeavoured  to  explain,  they  are 
gradually  built  up  from  below,  and  may  be  compared  to 


rubbish  heaps,  which  grow  by  gradual  accumulation.  But 
in  the  case  of  volcanoes,  the  rubbish  comes  from  below. 
It  is  not  necessary  to  suppose  that  the  subterranean  reser- 
voirs from  which  the  molten  rock  is  supplied,  exist  at  any 
very  great  depth  below  the  original  land-surface  on  which 
the  volcano  grows  up.  Indeed,  the  eddence  we  at  present 
possess,  from  the  denuded  areas  of  volcanic  action,  goes 
to  show  that  this  is  not  the  case. 

The  old  "upheaval  theory"  of  the  formation  of  vol- 
canoes, once  advocated  by  certain  geologists,  instead  of 
being  based  upon  actual  evidence,  or  reasoning  from 
facts,  as  modern  scientific  theories  are,  was  a  mere  guess. 
Moreover,  if  the  explanation  we  have  given  should  not  be 
sufficiently  convincing,  thei-e  is  the  proof  furnished  by  the 
case  of  a  small  volcano  near  Vesuvius,  whose  formation 
was  actually  witnessed.  It  is  called  Monte  Nuovo,  or  the 
New  Mountain.  This  mountain  is  a  little  tufl'-cone,  430 
feet  high,  on  the  bank  of  Lake  Avernus,  with  a  crater 
more  than  a  mile  and  a  half  wide  at  the  base.  It  was 
mostly  formed  in  a  single  night,  in  the  year  1538  A.n. 
We  have  two  accounts  of  the  eruption  to  which  it  owes  its 
existence,  and  each  writer  says  distinctly  that  the  moun- 
tain was  formed  by  the  falling  of  stones  and  ashes. 

One  witness  says  :  "  Stones  and  ashes  were  thrown  up 
with  a  noise  like  the  discharge  of  great  artillery,  in  quan- 
tities which  seemed  as  if  they  would  cover  the  whole 
earth  ;  and  in  four  days  their  fall  had  formed  a  mountain 
in  the  valley  between  Monte  Barbara  and  Lake  Averno  of 
not  less  than  three  miles  in  circumference,  and  almost  as 
high  as  Monte  Barbaro  itself — a  thing  incredible  to  those 
who  have  not  seen  it,  that  in  so  short  a  time  so  consider- 
able a  mountain  should  have  been  formed."  Another 
says  :  "  Some  of  the  stones  were  larger  than  an  ox.  Tlie 
mud  [ashes  mixed  with  water]  was  at  first  very  liquid, 
then  less  so,  and  in  such  quantities  that,  with  the  help  of 
the  afore-mentioned  stones,  a  moimtain  was  raised,  1 ,000 
paces  in  height."  These  accounts  are  important  as 
showing  how,  in  a  much  longer  time,  a  big  volcano  may 
bo  built  up.  They  are  examples,  or  little  epitomes,  of 
slow  and  vast  processes  which  Nature  vouchsafes  to  us, 
and  which  enable  us  to  comprehend  her  actions  when  they 
are  on  a  larger  scale. 

We  must  now  consider  briefly  the  second  question.  The 
following  are  the  chief  phenomena  of  a  great  eruption  : — • 
Its  advent  is  heralded  by  earthquakes,  afl'ecting  the  moun- 
tain and  the  whole  country  round  ;  loud  subterranean 
explosions  are  heard,  resembling  the  fire  of  distant  artil- 
lery. The  vibrations  are  chiefly  transmitted  through  the 
ground  ;  tue  mountain  seems  convulsed  by  internal  throes 
due,  no  doubt,  to  the  efforts  of  imprisoned  vapours  and 
liquid  rock  to  find  an  opening.  These  idications  are 
accompanied  by  the  drying  up  of  wells  and  disappearance 
of  springs,  since  the  water  finds  its  way  down  new  cracks 
resulting  from  the  explosions.  When  at  last  an  opening 
has  been  effected,  the  eruption  begins,  generally  with  one 
tremendous  burst,  shaking  the  whole  mountain  down  to 
its  foundations.  Frequent  explosions  follow  with  great 
rapidity  and  increasing  violence,  generally  from  the  crater. 
These  are  indicated  by  the  globular  masses  of  steam  which 
are  to  be  seen  rising  up  in  a  tall  column  like  that  which 
issues  from  the  funnel  of  a  locomotive.  The  elastic  gases 
in  their  violent  ascent  hurl  up  into  the  air  a  great  deal  of 
solid  rock  from  the  sides  of  the  crater,  after  first  blowing 
out  the  stones  which  previously  stopped  up  the  orifice. 

Blocks  of  stone  falling  down  meet  with  others  coming 
up,  and  so  a  tremendous  pounding  action  takes  place,  the 
result  of  which  is  that  great  quantities  of  volcanic  dust 
are  produced,  generally  of  extreme  fineness.  Winds  and 
ocean  currents   transport   these  light    materials    for  long 
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distances.  Eecent  researches  show  that  fine  volcanic  duat 
is  universally  distributed  over  the  sea.  The  darkness  so 
frequently  mentioned  in  accounts  of  eruptions  is  caused 
entirely  by  clouds  of  volcanic  dust  obscuring  the  daylight. 
The  red  clay  deposits  in  the  deepest  and  most  remote 
parts  of  the  ocean  are  now  considered  to  be  chiefly  com- 
posed of  oxidized  volcanic  dust. 

Portions  of  liquid,  or  semi-liquid,  lava  are  caught  up  by 
the  steam  and  hurled  into  the  air.  These  assume  a  more 
or  less  spherical  form,  and  are  known  as  "  bombs."  At  a 
distance  they  give  the  appearance  of  flames.  And  here 
we  may  remark  that  the  flaring,  coloured  pictures  of  Etna 
or  Vesuvius  in  eruption,  which  frequently  may  be  seen, 
are  by  no  means  correct.  The  huge  flames  shooting 
up  into  the  air  are  imaginary — another  case  of  a 
popular  fallacy — but  probably  suggested  by  the  glare 
and  bright  reflection  from  incandescent  lava  down  in 
the  crater. 

But  there  is  another  way  in  which  a  good  deal  of  fine 
volcanic  dust,  or  ash,  is  produced  ;  and  it  is  this— the 
lava  is  so  full  of  steam  intimately  mixed  up  with  it  that 
the  steam,  in  its  violent  escape,  often  blows  the  lava  into 
mere  dust.  This  might  be  illustrated  by  the  cloud  of 
spray  seen  for  a  moment  after  a  soap-bubble  has  burst ; 
and  we  can  well  imagine  that  something  like  this  takes 
place  in  a  boiling  and  seething  mass  of  lava  in  a  crater 
during  eruption.  The  steam,  we  ought  to  mention,  is  not 
dissolved  in  the  lava,  but  absorbed  by  it,  and  is  said  to 
be  "'occluded"  (hidden  away). 

When  lava-flows  take  place  the  lava  does  not  always 
come  from  the  crater,  but  often  issues  firom  the  side  of 
the  volcano.  This  marks  the  crisis  of  the  eruption,  and 
now  a  gentle  decline  sets  in.  The  volcanic  forces  have 
done  their  worst,  and  the  lava-column  begins  to  sink. 
Explosions  decrease  in  violence,  less  ash  is  ejected,  and 
finally  cinders  choke  up  the  orifice ;  and  so  the  volcano, 
as  it  were,  chokes  up  itself. 

So  great  is  the  force  of  the  pent-up  steam  trying  to 
escape  that  it  frequently  blows  a  large  portion  of  the  top 
of  the  volcano  bodily  away,  leaving  only  a  truncated  cone  ; 
and,  in  some  cases,  a  whole  mountain  has  been  thus 
blown  to  pieces.  Finally,  torrents  of  rain  follow  or 
accompany  the  upthrust  of  so  much  steam  into  the  air. 
Vast  quantities  of  volcanic  ash  are  caught  up  by  the  rain, 
and  in  this  way  large  quantities  of  mud  are  washed  down 
the  sides  of  the  moimtain.  Sometimes  the  mud-floes  are 
formed  on  a  large  scale,  and,  descending  with  great 
rapidity,  bury  up  a  whole  town.  It  was  in  tliis  way  that 
the  ancient  cities  of  Herculaneum  and  Pompeii  were 
buried  up  by  the  great  Vesuvian  eruption  of  a.d.  79.  The 
Italians  give  the  name  lava  d'  acqun,  or  water-lava,  to 
flows  of  this  kind,  and  they  are  greatly  dreaded  on  account 
of  their  very  rapid  flow.  An  ordinary  lava-stream  creeps 
slowly  along,  so  that  people  have  time  to  get  out  of  the 
way  ;  but  in  the  case  of  mud-flows  there  is  often  no  time 
for  escape. 

Into  the  question  of  the  cause  of  volcanic  phenomena 
we  cannot  enter  now ;  but  we  shall  have  more  to  say  in  a 
second  pajjer. 


Notices  of  Boofts. 


The  lloney-Bee:  Its  Natural  History,  AHaU»iuj,  and 
Physioloriy.  By  T.  W.  Cowan,  F.L.S.,  etc.  (Iloulston  &. 
Sons.)  This  little  manual,  which,  though  consisting  of 
upwards  of  200  pp.,  is  scarcely  larger  than  pocket-size, 
forms  the  natural  supplement  to   the   author's  numerous 


works  on  Bees  and  Bee-culture.  The  subject  is  handled 
in  an  exhaustive  and  thoroughly  scientific  manner,  and 
the  book,  which  is  written  in  a  cominendably  concise  style, 
and  contains  upwards  of  seventy  figures,  teems  with 
rehable  information.  The  labour  of  compilation  must 
have  been  great,  and  the  author  deserves  the  thanks,  not 
only  of  ajsieulturists,  but  of  all  who  are  interested  in  the 
anatomy  and  physiology  of  insects  in  general,  for  having 
put  into  such  a  comiJact  and  inexpensive  form  so  much  of 
the  detailed  results  of  recent  scientific  research.  Authori- 
ties are  constantly  cited  throughout,  and  the  references  to 
the  copious  bibliography  appended  supply  the  reader  with 
all  that  is  necessary  to  guide  him  in  pursuing  the  subject 
further.  Taking  a  look  into  a  hive  at  the  height  of  its 
activity,  we  are  introduced  to  the  queen  "  mo^dng  slowly 
over  the  combs,  surrounded  by  a  number  of  workers, 
which  are  constantly  touching  her  with  their  antennte, 
and  offering  her  food.  She  stops  at  an  empty  cell, 
examines  it  by  putting  her  head  inside,  then,  hanging  on 
to  the  edges  of  the  comb,  inserts  her  abdomen,  and 
deposits  at  the  base  of  the  cell,  to  which  it  is  attached  by 
a  glutinous  secretion,  a  little  bluish-white  oblong  egg." 
The  position  of  the  egg  in  the  cell  is  altered  day  by  day, 
till,  sloping  gradually  from  the  upright,  it  eventually  Ues 
in  a  horizontal  direction,   as   shown  at  A,   B,   C,   in  the 


accompanying  figure  of  a  brood-comb.  Here  also  are 
shown  the  growing  grub,  the  remarkable  crater-like  open- 
ings of  the  royal  cells,  drone  colls  at  K,  and  at  N  cells 
containing  workers,  some  of  which  are  just  nibbling  their 
way  out  through  the  cappings  of  the  cells.  Mr.  Cowan 
considers  that  bees  generally  confine  their  honey-  and 
pollen-collecting  expeditions  to  within  a  radius  of  about 
two  miles  from  their  hives,  except  when  food  is  scarce, 
when  they  will  fly  as  far  as  four  or  five  miles.  By  his  own 
observations  he  has  proved  that  the  rate  of  flight  may  be 
at  least  as  much  as  twelve  miles  an  hour,  i.f.  for  un- 
weighted bees,  the  heavily-laden  ones  returning  from  a 
foraging  expedition,  of  course  travelling  more  slowly. 

Great  pains  have  been  taken  to  give  a  clear  exposition 
of  the  mechanism   and  method    of   action  of    the  sting. 
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■which  is  much  more  complex  than  might  have  been 
imagined.  The  accompanying  figure  shows  the  long 
tubular  poison-gland  which  passes  its  secretion,  consisting 
chietly  of  formic  acid,  into  the  large  reservoir  at  the  base 
of  the  sting  ;  the  two  lancets  the  latter  contains  may  move 
either  simultaneously  or  alternately,  and  at  each  stroke  the 


Bee's  Sting  asd  Poison-Gland. 

poison  is  forced  into  the  woimd  with  considerable  energy 
through  canals  in  the  lancets  themselves,  and  out  at  the 
openings  between  the  barbs.  Though  the  queen  rarely 
stings  a  human  being,  yet  the  writer's  experience  shows 
that  she  can  do  so  if  necessary.  He  states  also  that  she 
can  withdraw  her  sting  more  easily  than  the  workers,  by 
mo%-ing  round  and  giving  the  barb  a  spiral  motion  ;  this, 


Dorsal  Vessel  or  "Heart"  of  Bee. 

he  maintains,  the  worker  could  do  also,  but  that  she  is  in 
such  a  hurry  to  get  off  that  she  does  not  give  herself 
time,  but  tears  herself  away,  leaving  the  sting  and  its 
appendages  behind  her.  Mr.  Cowan  has  adopted  the 
striking  and  effective  device  of  showing  different  systems 
of  organs  separately  in  .situ  on  the  dark  background  of  the 
body  ;  one    of   these   illustrations,   e>diibiting   the    dorsal 


vessel,  or  "  heart "  of  the  bee,  is  here  appended ;  the 
small  explanatory  diagram  added  shows  how  the  blood 
enters  by  the  side  openings  of  this  valvular  tube,  and  is 
propelled  towards  the  head. 

No  subject  IS  more  debateable  than  the  functions  of 
antennae,  and  hence  much  interest  attaches  to  the  chapter 
dealing  with  the  researches  that  have  been  made  into  the 
structure  and  function  of  the  tactile  hairs,  and  of  the 
curious  sensory  pits  in  these  organs  in  the  bee,  which 
have  by  some  authors  been  considered  to  be  smell  hollows, 
and  by  others  an  auditory  apparatus.     The  accompanying 


Salivary  Glands. 

figures  of  the  salivary  glands  of  the  bee  will  give  an  idea 
of  the  neatness  with  which  the  histological  illustrations 
are  executed.  Mr.  Cowan  has  made  many  measurements 
of  the  cells  of  the  comb,  with  the  view  of  testing  the 
accuracy  of  commonly-received  notions  as  to  their  extreme 
regularity,  and  he  finds  that  frequently  considerable  devia- 
tions fi-om  the  normal  size  and  shape  of  the  ceUs  occur. 
Following  Miillenhofi',  he  maintains  that  "  the  complexity 
and  apparent  accuracy  of  the  structure  is  not  in  the  least 
owing  to  the  development  of  a  mathematical  instiact  in 
bees,  or  artistic  dexterity,  but  simply  to  physical  laws 
dependent  on  their  method  of  work,"  the  cells  behaving 
"  mutually  like  soap-bubbles,  which  when  isolated  are 
round,  but,  if  touching  each  other,  where  imited  the  film 
forms  a  perfectly  flat  w-all."  One  or  two  misprints  occur 
in  the  technical  terms,  as  e.ij.  "  vasa  il if-ierentia,  "  for 
"  rfc-ferentia,"  and  "  vesiculfe  seminal-(.s  "  for  "  semi- 
nal-es." 

Celestial  Motiona  :  a  Handy  Book  of  Astronomi/.  By  W. 
T.  Lynx,  B.A.,  F.K.A.S.  Seventh  Edition.  (London: 
E.  Stanford.)  We  are  pleased  to  welcome  a  new  edition 
of  Mr.  Lyun's  very  handy  little  manual,  the  sixth  edition 
of  which  was  reviewed  in  Knowledge  for  Jime  1889.  In 
the  present  one  the  information  appears  to  have  again 
been  carefully  brought  up  to  date,  reference  being  made 
to  Schaparelli's  results  with  respect  to  the  rotation  of 
Mercury  and  Venus,  and  to  the  identity  of  the  comet  dis- 
covered by  Brooks  in  .July  1889  with  what  is  generally 
known  as  Lexell's  comei  of  1770.     No  notice,  however,  is 
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taken  of  the  "  spectroscopic  binaries  "  discovered  at 
Harvard  and  Potsdam.  There  are  very  few  misprints  in 
the  work,  but  we  must  demur  to  the  statement  on  page  9 
that  the  resulting  mean  distance  of  the  moon  fi-om  a 
parallax  of  57'  2"  is  237,300  miles.  As  a  matter  of  fact 
the  mean  distance  of  the  moon  is  about  238,840  miles, 
the  average  distance  is  not  the  mean  of  the  maximum  and 
minimum  values  of  the  distance,  and  a  parallax  of  57'  2" 
would  answer  to  a  distance  of  about  238,900  miles. — H.  S. 


THE  PLEIADES  CLUSTER,  AND  ITS  PROBABLE 
CONNECTION  WITH  THE  MILKY  WAY. 

By  A.  C.  Ranyard. 

THE  Pleiades  lie  a  httle  to  the  south  of  the  MUky 
Way,  in  a  Ime  with  the  Hyades — the  three  great 
stars  in  the  Belt  of  Orion,  and  Sirius,  the 
brightest  star  in  the  heavens.  This  striking 
chain  of  jewels  lies  nearly  parallel  with  the  Milky 
Way,  just  outside  its  southern  border.  It  forms  part  of  a 
great  belt  or  stream  of  bright  stars  first  noticed  by  Sir  John 
Herschel,*  and  subsequently  more  closely  studied  by  Dr. 
B.  A.  Gould,+  which  appears  to  gh-dlc  the  heavens  very  nearly 
in  a  great  circle  that  intersects  the  Milky  Way  at  an  angle  of 
about  20°,  crossing  it  near  the  margin  of  the  Southern  Cross, 
and  in  the  northern  hemisphere  again  crossing  the  Milky 
Way  in  Cassiopeia.  This  stream  of  bright  stars,  like  the 
stream  of  milky  light  it  crosses,  is  more  striking  in  the 
southern  hemisphere  than  in  the  northern,  and  one  can 
hardly  doubt  its  intimate  connection  with  the  stream  of 
smaller  stars  with  which  it  appears  to  be  associated. 

Of  the  twelve  brightest  stars  in  the  heavens  which  rank 
as  of  the  first  magnitude  or  brighter  than  the  first  magni- 
tude, seven  he  in  this  brilliant  girdle  of  stars,  and  three 
are  intimately  associated  with  it,  being  situated  only  just 
on  the  opposite  border  of  the  Milky  Way.  Taking  the 
stars  Ln  their  order  of  brightness  according  to  Professor 
Pickering's  photometric  catalogue,  they  stand  thus : — 
1.  Sirius,  ranked  as  of  the  — 1'4  magnitude;  2.  Arctuni,s, 
O'O  magnitude,  that  is,  one  magnitude  brighter  than  the 
first  magnitude  ;  3.  Cdpella  and  Fi'//",  both  ranked  as  of 
the  0-2  magnitude  ;  5.  yS  Orionis,  OS  magnitude ;  6.  Cuno- 


*  Sir  John  Herschel  says  of  it,  in  hla  Kesu/ts  of  Astronomical  Ob- 
xervations  made  at  the  Cape  of  Good  Hope,  p.  385 : — "  The  medial 
line  of  the  Milky  Way  may  be  considered  as  crossed  by  that  of  the 
zone  of  large  otars  which  is  marked  out  by  the  brilliant  constellation 
of  Orion,  the  bright  stars  of  Canis  Major,  and  almost  all  the  more 
conspicuous  stars  oi  Ar<jo,  the  Cross,  the  Centaur,  Liipus  and  Scorpio. 
A  great  circle  passing  through  £  Orionis  and  a  Cruris  will  mark  out 
the  axis  of  the  zone  in  question,  whoso  inclination  to  the  galactic 
circle  is  therefore  about  20'^,  and  whose  appearance  would  lead  us  to 
suspect  that  our  nearest  neighbours  in  the  sidereal  system  (if  really 
such)  form  part  of  a  subordinate  sheet  or  stratum  deviating  to  that 
extent  from  parallelism  to  the  general  mass  which,  seen  projected  on 
the  heavens,  forms  the  Milky  Way." 

t  Prof.  Gould  says,  in  the  branometria  Arrjentina,  p.  35o  : — *•  A 
stream  of  especially  conspicuous  stars,  which,  beginning  with  Orion, 
includes  the  brightest  in  Canis  Major,  Columlxi,  Pnppis,  Carina, 
Crux,  Centaurus,  Lupus,  and  the  head  of  Scorpius.  In  the  northern 
hemisphere  its  course  is  less  distinctly  marked,  and  it  is  especially 
indistinct  in  Opiiiuchus  and  Hercules  ;  but  its  general  direction  is  indi- 
cated by  the  brightest  stars  in  Taurus,  Perseus,  Cassiopeia,  Cepheus, 
Cytpius,  and  Lyra.  This  belt  neems  to  bifurcate  in  a  manner  some- 
what aiuilogous  to  the  Milky  Way.  A  well-marked  branch  diverges 
from  the  main  stream,  not  far  from  a  Centauri,  traversing  the  Galaxy, 
which  it  spangles  with  the  bright  stars  of  Sagittarius  and  of  the 
tail  of  Scorpius,  and  passing  through  Atptila  and  Delphinus,  reunites 
with  the  principal  belt  in  the  north-preceding  portion  of  Aiulromeila. 
This  bifurcation  is  likewise  much  less  manifest  in  the  northern  hemi- 
sphere thau  in  the  southern,  tho  bright  stars  being  more  scattered,  and 
the  course  of  the  divided  stream  less  distinctly  traceable." 


jnis,  Oi  magnitude ;  7.  Procyon,  Q-o  magnitude ;  8. 
a  Orionis,  09  magnitude  ;  9.  a  Centauri,  a  double  star,  one 
component  of  which  is  of  the  1-0  magnitude  and  the  other 
3^  magnitude ;  10.  Aldcbaran,  a  Aquilte,  and  a  Eridani, 
all  three  ranked  as  of  the  1-0  magnitude.  Of  these  stars 
Aldehitran,  a  and  /?  Orionis,  Siriux,  Citnopus,  a  Centauri, 
and  Ve'/K  he  in  the  zone  of  brilhant  stars  alluded  to  above, 
while  i'apeUa,  Pruci/nn,  and  a  A'juilw  lie,  at  no  great  dis- 
tance, on  the  opposite  border  of  the  Mhky  Way.  Accord- 
ing to  Professor  Gould,  Capilla  and  a  Acjuilm  lie  on  a 
well-marked  branch  of  this  great  star-stream,  which 
bifurcates  during  half  its  course  round  the  heavens  simi- 
larly to  the  Milky  Way. 

At  first  sight,  no  doubt,  it  seems  altogether  improbable 
that  such  large  stars  could  be  associated  \rith  very  small 
and  apparently  distant  stars  ;  but  the  evidence  afforded 
by  the  Pleiades  group,  as  well  as  by  other  clusters,  shows 
that  one  star  difiers  from  another  star  in  brightness,  not 
merely  ten  or  a  hundred  tnues,  but  certainly  as  much  as 
a  hundred  thousand  times,  while  the  small  streams  and 
closed  curves  of  stars  in  the  Milky  Way  contain  stars 
which  differ  several  magnitudes  in  brightness,  and  yet  fall 
so  accurately  into  lines  and  curves  that  we  can  hardly 
doubt  their  physical  association  with  one  another.  The 
accompanying  three  small  groups  of  stars  have  been  cut 
from    an    automatically-prepared   block   made   from  Mr. 


Barnard's  jihotograph  of  the  Saiiitturiu.s  region.  Such 
closed  curves  of  stars  generally  surround  dark  spaces,  or 
lie  along  the  edges  of  dark  channels.  The  great  dark 
arch  shown  in  the  photograph  of  the  SiKjittariua  region, 
pubhshed  in  the  July  number  of  Knowledge  last  year, 
seems  to  be  a  succession  of  such  dark  regions,  each  sur- 
rounded by  curves  of  stars.  I  only  refer  to  them  here  as 
showing  that  various  magnitudes  of  stars  seem  to  be 
associated  together  in  the  brighter  parts  of  the  Milky 
Way,  and  that  we  must  not  assume  that  there  is  not  as 
great  a  range  of  actual  magnitudes  in  and  about  the  Milky 
Way  as  we  shall  see,  there  seems  to  be  very  httle  doubt, 
are  associated  together  in  the  Pleiadej  cluster. 

The  Rev.  John  Miehell,  in  a  paper  published  in  the 
Phil.  Trans,  for  17G7,  seems  to  have  been  the  first  to 
apply  the  doctrine  of  probabihty  to  the  question  whether 
the  Pleiades  group  corresponds  to  an  actual  cluster  of 
stars  in  space,  all  of  which  are  relatively  near  together, 
or  whether  it  probably  corresponds  to  a  series  of  stars  at 
various  distances  from  us,  but  all  lying  near  to  the  same 
line  of  sight.  Considering  the  views  then  in  vogue  as  to 
the  uniform  distribution  of  stars  with  respect  to  the  sun's 
position  in  space,  the  paper  is  a  very  masterly  one.  He 
concludes  that  there  nuist  be  some  physical  connection 
between  the  numerous  double  and  triple  stars  which  had 
already  been  discovered  by  Sir  William  Herschel,  but 
which  were  not  then  known  to  be  moving  under  the 
influence  of  mutual  gravity,  and  that  such  groups  of 
stars  as  the  clusters  in  the  sword-handle  of  Perseus  and  the 
Pleiades  must  be  actual  clusters.  Summing  up,  ho  says  : 
"  We  may  conclude  with  the  higliest  probability  (the  odds 
against  the  contrary  opinion  being  milUons  to  one)  that 
the  stars  are  really  collected  in  clusters  in  some  places, 
where  they  form  akind  of  system,  whilst  in  others  there 
are  either  few  or  none  of  them." 

The  Pleiades   group   forms   a   very   irregularly-shaped 
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cluster,   without   auy   marked    condensation    towards    a 
centre,  and  it  would  not  be  opposed  to  probabilities  or  un- 
reasonable to  suppose   that  we  might  be  looking  at  two 
clusters  superposed  or  projected  on  one  another  in  the 
line  of  sight ;  if  this  was  the  case,  the  smaller  stars  might 
belong  to  one  cluster,  and  the  larger  to  the  other  and 
nearer  cluster,  and  we  should  then  not 
be  warranted  in  assuming  that  diffe- 
rences in  apparent  magnitude  amongst 
the  stars  of  the  group  must  correspond 
to  differences  in   actual  brightness  or 
size  of  the  stars.     If  there  were   two 
such  clusters  entirely  unconnected  with 
one  another,  we  might  expect  to  find  a 
difference  in  the  proper  motion  or  drift 
of  the  two  families  of  stars,  or  a  diffe- 
rence   in    their    spectra,  which   might 
enable  us   to   sort  out  and  distinguish 
the  stars  belonging  to  the  two  groups. 
The  measurement  of  the  relative  posi- 
tions    of   the    stars    in    the    Pleiades 
group    has    occupied   the  attention    of 
several  distinguished  astronomers.  This 
was  one  of  the  first   problems  which 
Bessel   attacked   with  the   Konigsberg 
Heliometer.     It  occupied  his  attention 
during  about   twelve   years,   until   the 
work  was  finally  completed   in    1841. 
Dr.   Wolf   of   the    Paris    Observatory, 
Prof.  Simon  Newcomb,  Prof.  Pritchard, 
and  ultimately  Dr.  Elkin  of  Yale,  have 
all    devoted   much   time    and   care    to 
determining  the  positions  of  the  stars 
of    this    group.      The     accompanying 
chart  shows  the  proper  motions  of  the 
chief  stars  of  the  group  as  determined 
by  Dr.  Elkin,  by  comparing  his   own 
measures  made  with  a  six-inch  helio- 
meter with  those  made  by  Bessel  nearly  half  a  century 
previously.     The  chart  is  copied  from  Dr.  Elkin's  memoir, 
which  forms  the  first  volume  of  the   Transactions  of  the 
Astivnomiral   Ohsfrcator;/   of   Yah'    University*     It   will   be 
seen  that  there  are  seven  stars  with  large  proper  motions 
towards  tlie  north-west,  all  of  them,  with  the  exception  of 
Alfijone,  being  small  stars.     They  are  shown  with  arrows 
ha%-ing  dotted  or  broken  lines  on  the  chart,  corresponding 
to   the    amoimt   and    direction   of    the    proper   motions. 
With  the  exception  of  Alcyone,  the  other  six  lucid  stars 
of  the  group  have  comparatively  small  proper  motions. 

In  Dr.  Elkin's  map  the  larger  stars  are  distinguished 
bv  letters.  Both  the  letters  and  numbers  are  those  used 
by  Bessel.  The  map  corresponds  to  the  inverted  image  of 
the  stars  as  they  are  seen  in  the  telescope,  and  it  must 
therefore  be  turned  round  through  180°  to  make  it  cor- 
respond with  Mr.  Isaac  Eoberts's  photograph,  or  with  the 
plate  given  in  the  January  number  of  KNO^\T.EDGE  for 
1889.     It  is  remarkable  that  the  general  direction  of  drift 


of  these  seven  stars  is  very  similar  to  the  reversed  abso- 
lute motion  of  Alcyone  in  45  years  as  given  by  Prof. 
Newcomb,  viz.  2"-61.  There  seems  to  be  little  doubt  that 
these  seven  stars  are  only  optically  associated  with  the 
cluster,  and  have  no  physical  connection  with  it.  Of  the 
remaining  33  stars  whose  positions  were  compared,  two. 
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*  It  should  be  mentioned  that  Professor  Pritchard  has  given  a 
chart  of  the  proper  naotions  of  the  stars  of  the  Pleiades  group  in  the 
Memoirs  of  the  Royal  Astronomical  Society,  vol.  slviii. ,  p.  272, 
which  does  not  at  all  agree  with  that  given  by  Dr.  Elkin.  But  the 
practical  agreement  of  Dr.  Wolf's  measures  with  those  of  Dr.  Elkin, 
as  well  as  other  considerations,  seems  to  show  that,  although  a  very 
small  probable  error  is  claimed  by  Professor  Pritchard,  Dr.  Elkin's 
map  is  probably  the  most  reliable.  I  do  not  place  much  rehance  on  the 
smaller  proper'motions  deduced  by  Dr.  Elkin,  that  do  not  amount  to 
half  a  second  in  a  century,  for  such  an  error  would  about  correspond 
to  the  quarter  of  a  second  of  probable  error  of  the  Konigsberg 
observations  as  deduced  by  the  accurate  Bessel. 


\'iz.  No5-  8  and  25,  have  a  considerable  and  similar  proper 
motion  towards  the  south-east,  which  would  seem  to 
render  it  probable  that  they  are  associated.  The  star  N"-  8 
has,  according  to  Prof.  Pickering  (see  2Ieiiioirs  of  the 
American  Academy,  vol.  xi.,  p.  214),  a  spectrum  which 
shows  the  K  line  broad  and  differs  materially  from  the  first 
type  of  spectra  exhibited  by  most  of  the  other  members  of 
the  group.  The  spectrum  of  N"-  25  is  uncertain,  as  it  is 
ovei-lapped  by  the  spectrum  of  another  star  ;  27  and  39 
also  have  pecuhar  spectra.  Setting  these  aside  as  pro- 
bably only  optically  connected  with  the  group,  the  re- 
maining stars  have  only  comparatively  small  proper 
motions,  and  seem  to  have  similar  spectra  of  the  first  type. 
There  appears  to  be  a  tendency  to  community  of  diift  in 
adjacent  parts  of  the  group,  such  as  might  weU  be  ex- 
hibited by  the  stars  of  an  irregular  cluster  moving  under 
mutual  attractions. 

Assuming  all  the  other  stars,  with  the  exception  of  the 
eleven  referred  to  above,  to  belong  to  one  cluster,  they 
would  all  be  at  about  the  same  chstance  from  the  earth, 
and  their  actual  brightness  may  be  taken  to  correspond  to 
their  apparent  brightness.  Prof.  Pickering  has  measm-ed 
the  light  of  298  of  these  stars,  varying  from  a  little  below 
the  third  magnitude  down  to  the  15-3  magnitude  of  the 
photometric  scale.''-  There  are  many  fainter  stars  in  the 
group,  though  the  instrument  used  by  Prof.  Pickering 
did  not  enable  him  to  measure  then-  brightness.  Thus 
the  Brothers  Henry  photographed  within  the  same  area,. 

*  See  vol.  .-sviii.  of  the  Harvard  Annals,  p.  202. 
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which  corresponds  to  the  catalogue  and  map  of  M.  Wolf, 
1,421  stars  in  1885,  and  they  have  since  brought  the 
number  up  to  2,326  by  exposures  of  four  hours  made  in 
November  and  December  1887.  A  difference  of  only 
twelve  and  a  half  magnitudes  of  the  photometric  scale 
implies  that  the  brighter  stars  give  100,000  times  as  much 
light  as  the  fainter.  Mere  differences  of  brightness  in 
the  stars  composing  two  streams  amounting  to  12  or  14 
magnitudes  must  not,  therefore,  be  taken  as  reliable 
evidence  of  a  difference  of  distance,  if  other  facts  point  to 
an  association  or  probable  connection  between  the  two 
streams. 

No  one  who  examines  the  accompanying  plate  will  feel 
inclined  to  doubt  that  the  nebulous  matter  shown  must 
be  associated  with  the  large  stars  of  the  group,  and  that 
the  streaks  of  nebulous  light  are  associated  with  the 
small  stars  through  which  they  pass.  It  has  long  been 
recognized  that  the  large  and  irregular  nebulse,  as  well  as 
the  great  clusters,  are  associated  with  the  Milky  Way, 
and  are  grouped  in  its  neighbourhood  ;  and  one  can  hardly 
doubt  that  the  nebulous  matter  associated  with  so  many 
stars  of  the  Orion  group  is  intimately  associated  with  the 
main  stream  of  the  Milky  Way. 

Dr.  Boeddicker,  in  his  large  drawing  of  the  Milky  Way 
made  at  Parsonstown,  gives  a  stream  of  nebulous  light 
extending  from  the  mam  body  of  the  Milky  Way,  and  in- 
cluding the  brighter  stars  of  Orion,  a  view  to  which  proba- 
bility is  lent  by  the  form  and  position  of  the  numerous 
large  nebulae  in  this  constellation  catalogued  by  Dr.  Dreyer 
and  Prof.  Pickering.  One  of  these  large  nebulie,  stream- 
ing southward  for  about  60'  from  the  bright  star  f  Orinnis, 
has  recently  been  well  photographed  by  Dr.  Max  Wolf  of 
Heidleburg,  though  it  had  previously  not  been  overlooked 
by  Dreyer,  and  had  been  photographed  by  the  Brothers 
Henry"'  as  well  as  by  Prof.  Pickering.  A  strange  nebulous 
line  of  light  in  this  Orion  region,  reminding  one  of  the 
nebulous  lines  joining  stars  in  the  Pleiades  group,  has 
been  photographed  at  Harvard.  It  extends  from  D.M. 
-8°  1119  in  R.A.  5h.  19m.  0.,  Dec.-8°  40'  to  D.M. -8° 
1132  in  R.A.  5h.  21m.  6s.,  Dec  — 8'  50',  and  passes  through 
about  sixteen  faint  stars,  t  Other  lines  of  stars  are  also 
strikingly  evident  in  this  constellation.  I  have  already, 
in  the  March  number  of  Knowledge,  referred  to  the  re- 
markable symmetry  of  the  curvature  of  the  branching 
structures  in  the  great  Orion  Nebula,  with  respect  to  an 
axis  perpendicular  to  the  general  plane  of  the  Milky  Way. 
These  facts  leave  very  little  doubt  in  my  mmd  as  to  the 
existence  of  an  intimate  connection  between  the  nebulous 
matter  associated  with  the  bright  stars  of  the  Orion  group 
and  the  great  stream  of  the  Milky  Way,  and  I  am  con- 
sequently led  to  conclude  that  the  girdle  of  bright  stars 
in  which  the  Orion  group  and  the  Pleiades  lay,  is  not 
widely  separated  from  the  stream  of  smaller  stars  forming 
the  Galaxy,  and  that  in  any  case  the  one  cannot  be  so 
mucli  nearer  to  us  than  the  other,  that  the  difference  of 
apparent  magnitude  of  the  stars  in  the  two  streams 
may  be  accounted  for  by  the  difference  of  the  distance  of 
the  streams. 

It  does  not  necessarily  follow  from  the  large  parallax 
which  has  been  found  for  a  Ccntdiin  that  it  cannot  belong 
to  the  stream  of  large  stars  referred  to,  none  of  which 
have  been  found  to  exhibit  any  similarly  large  annual  shift ; 
for  the  modern  parallaxes,  which  art'  chirlly  or  entirely 
relied  upon,  are  all  relative  and  not  absolute  parallaxes  ; 
that  is,  they  arc  determined  from  measures  made  with 
respect  to  adjacent  small  stars.      If   the   adjacent  stars 


*  Soo  liappurt  Annual  sur  I'Etat  de  la  Observatoire  de  Paris  pour 
rAiincc  18S7. 

t  iioo  Annals  of  Harvard  Colleyc  Observatorij,  vol.  xviii.,  p.  115. 


belong  to  a  stream  which  is  in  near  proximity  to  the 
large  stars,  as  compared  with  their  distance  from  the 
earth,  we  should  not  expect  to  find  any  relative  shift, 
while  here  and  there  a  large  star  might  be  seen  projected 
near  to  much  more  distant  stars.  On  the  other  hand, 
probably,  many  wiU  prefer  to  assume  that  a  Ccntauii  only 
chances  to  lie  in  a  zone  of  brilliant  stars,  the  rest  of  which 
are  much  more  distant,  and  consequently  much  larger  or 
brighter,  than  the  star  which  we  now  recognize  as  our 
nearest  neighbour. 

The  plate  illustrating  this  paper  has  been  made  from  a 
photograph  kindly  given  to  me  for  the  purpose  by  Mr. 
Isaac  Roberts.  It  will  be  noticed  that  the  direction  of  the 
upper  streak  of  nebulous  light  is  continued  by  a  line  of 
stars  which  extends  nearly  all  across  the  plate,  and  that 
there  is  a  somewhat  similar  line  of  stars  extending  from 
Plfinne  (the  bright  star  just  to  the  north  of  Atlas ')  nQa.v\y 
across  the  plate  just  to  the  north  of  Alci/mu-  and  Ehxtra. 
The  eight  rays  crossing  the  brighter  stars,  and  making 
them  appear  like  the  conventional  symbols  for  stars  on  a 
star  map,  are  due  to  a  diffraction  effect  caused  by  the 
arms  supporting  Mr.  Isaac  Roberts's  camera  in  the  focus  of 
his  mirror. 


Hcttcrs. 

[Tho  Editor  does  not  hold  himself  responsible  for  the  opinions    or 
statements  of  correspondents.] 

ON  THE  COMPARISON  OF  THE  PHOTOGRAPHS  OF  THE 
MILKY  WAY  IN  a=17n.  5Gm.  8=  -2S°  IN  ■'  KNOWLEDGE" 
FOR  JULY   IS'JO,  AND  MARCH  1891. 

To  the  Editor  of  Knowledge. 

De.\k  Sir, — I  have  read  with  much  interest  Mr.  Ran- 
yard's  article  In  Knowxedge  for  March  1891,  about  the 
photographs  of  the  Milky  Way  in  17h.  56m.,  —28°,  made 
by  me  in  1889,  and  by  Mr.  Russell  m  1890. 

I  have  no  hesitation  in  attributing  the  difference 
between  these  pictures  (taken  with  instruments  so  similar)  . 
entirely  to  the  development  of  the  negative.  As  I  have 
taken  occasion  to  remark  elsewhere  (Pub.  A.S.P.  II.  10), 
the  utmost  care  must  be  exercised  in  the  development  of 
the  Milky  Way  pictures  to  bring  out  the  cloud  forms 
clearly  and  strongly. 

It  will  be  seen  that  Mr.  Russell's  photograph  was  given 
one  hour  and  twenty  minutes  longer  exposure  than  mine, 
and  with  a  zenith  distance  on  the  meridian  of  only  6°, 
while  the  zenith  distance  here  was  65°.  The  plates  used 
for  the  Lick  Observatory  pictures  were  Seed,  sensitometer 
No.  26.  They  are  among  the  best  that  are  made.  I 
have  examined  Mr.  Russell's  photograph  and  can  find  no 
evidence  of  change  in  the  cloud  forms  of  the  Milky  Way 
as  shown  on  his  picture  and  mine.  It  is  an  extremely 
uncertain  thing  to  compare  two  photographs  like  these, 
where  one  shows  only  feebly  the  cloud  forms  and  the 
other  shows  them  strongly  and  conspicuously.  An  exact 
comparison,  however,  may  be  made  by  densely  over- 
printing the  picture  made  here,  so  that  the  cloud  forms 
will  become  as  feebly  shown  as  are  those  in  the  Sydney 
picture.  Such  a  comparison  I  have  made.  The  two 
photographs  are  identical  in  every  respect,  except  that 
there  are  apparently  several  large  stars  near  the  middle 
of  Mr.  Russell's  picture  which  are  not  shown  on  mine, 
and  which  are  undoubtedly  defects  in  his  plate. 

I  forward  to  you  the  photograph  which  I  have  used  for 
comparison  with  Mr.  Russell's.     You  will  see  the  two  are 


*  For  the  names  of  tho  Pleiades  stars,  see  the  diagram  in  Kkow- 
LEUOE  for  January  1889. 
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identical.  Yet  this  picture  (which  you  would  not  recog- 
nize on  comparison)  was  made  from  the  same  plate  as 
that  published  in  the  July  1890  issue  of  Knowledge. 

Mr.  Ranyard  says,  at  the  bottom  of  page  .^)0  (Know- 
ledge ior  JIarch  1891) :  "  In  Mr.  Barnard's  picture  there 
are  two  clusters  of  stars  near  to  the  edge  of  the  field  at 
the  bottom  of  the  plate.  Only  one  of  these  clusters,  v-iz. 
that  to  the  right  hand,  or  western  side,  is  shown  in  Mr. 
Kussell's  plates."      It  is  the  left-hand,  or  folloirhuj,  cluster 


which  is  shown  on  Mr.  Russell's  picture.  The  right-hand 
one  is  too  far  to  the  right  to  be  shown  on  his  plate, 
though  a  small  bunching  of  stars  immediately  following 
it  is  visible  close  to  the  right-hand  edge  of  the  picture, 
2-6  inches  from  the  bottom. 

I  would  remark  here,  as  a  caution,  that  it  is  extremely 
unsafe  to  judge  of  the  actual  relative  brightness  of 
different  surfaces,  such  as  the  Milky  Way  presents,  fi'om 
photographs  which  have  been  treated  differently  in  point 
of  time  and  development.  A  partially  brought  out  con- 
figuration will  have  in  many  cases,  a  decidedly  different 
aspect  from  that  of  a  carefully  and  thoroughly  developed 
one.  Yom's  respectfully, 

E.  E.  Babnabd. 

Mount  Hamilton,  March  16,  1891. 

[As  mentioned  in  the  March  number  of  Knowledge,  it 
is  quite  easy  to  account,  by  assumed  differences  in  the 
method  of  development  or  differences  in  the  sensitiveness 
of  the  plates  used,  for  the  fact  that  so  little  nebulous 
brightness  is  shown  on  Mr.  Russell's  plates  as  compared 
with  Mr.  Barnard's  ;  but  the  remarkable  fact  which  cannot 
be  so  accounted  for  is  that  the  relative  brightness  of  the 
nebulous  areas  on  the  two  sets  of  photographs  does  not 
correspond.  For  example :  the  two  brightest  areas  on 
Mr.  Barnard's  photographs  are  (1)  towards  the  lower  part 
of  the  great  tree-like  structure  on  the  preceding  side,  and 
(2)  a  large  area  on  the  south  'following  side  of  the  tree- 
like structure.     But  Mr.   Russell's   photographs   do  not 


exhibit  any  trace  of  nebulosity  in  these  regions,  while 
there  is  distinct  nebulosity  shown  in  the  fainter  head  of 
the  tree-like  structure.  Mr.  Barnard's  densely-printed 
photograph  of  his  own  negative — which  I  have  had  repro- 
duced as  a  printing-block  by  a  photographic  method — is 
very  interesting ;  but  I  do  not  concur  with  him  that  t]m 
large  stars  near  the  middle  of  Mr.  Russell's  picture  "  are 
undoubtedly  defects  "  in  Mr.  Russell's  plate.  They  may 
be  due  to  defects  in  the  collotype  copies  which  I  forwarded 
to  Mr.  Barnard. — A.  C.  Raxyabd.] 


PERPETUAL  CALENDARS. 
To  the  Editor  of  Knowledge. 
Deab  Sib, — As  the  subject  of  finding  the  day  of  the  week 
for  any  given  date  appears  to  interest  a  large  section  of 
the  readers  of  your  valuable  magazine,  I  enclose  for  your 
acceptance  (agreeably  to  the  promise  given  in  your  Feb- 
ruary issue)  a  few  rules  bearing  upon  the  subject  of  "  Old 
Style  "  dates,  all  of  which  have  been  verified  from  that 
valuable  work,  Sir  Harris  Nicolas's  Chroiwhiiiij  of  Histonj. 
The  rules  appear  to  me  to  be  as  simple  and  correct  as 
those  previously  given,  and  moreover  possess  the  additional 
advantage  of  being  serviceable  "  anywhere  and  every- 
where "  without  the  extraneous  aid  of  discs  or  any  other 
office  aid. 

Yours  faithfully, 

RoBT.  W.  D.  Cbistie. 

Fade  /.—The  last  day  of  .July  of  any  "  Old  Style  "  date 
may  be  got  thus  : — 

Take  the  year,  add  a  quarter,  divide  by  7. 
K.vaiiiph'  1. — The  Armenian  Era  commenced  July  iJth, 
A.D.  5.52.     On  what  day  of  the  week  was  it  ? 
We  have         552 
add  138 

7)690 

98-1-4  =  Wednesday  —  31st  July. 
Thus  Tuesday  was  the  9th  July  552. 
7i«/t!  II. — Take  the  year,  add  a  quarter,   take  away  the 
the  No.  of  the  month,  di\-ide  by  7.      The  remainder  indi- 
cates the  last  day  of  month. 

Example  1. — On  what  day  of  the  week  was  March  31st, 
1000? 

We  have  1000 

add  i  250 

1250 
subtract  8  =  No.  of  month  of  March. 

7)1217 

178  +  1  =  Sunday. 
Thus  March  31st,  1000  (Easter  Day),  fell  on  Sunday. 
E.rample  2. — King  Richard  I.  died  on  Tuesday,  the  6th 
April  1199.     Prove  this. 
1199 
299 

1498 
3 

7) 1495 

213 -t- 4  =  Wednesday  -  31st  March. 
Thus  6th  April  was  on  Tuesday. 
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K.i'iiiiijjU'  3. — Eichard  II.  resigned  bis  crown  on  Monday, 
29th  September  1399.     Test  this. 
1399 
849 

1748 
9 

7)1739 

248  -1-3  =  Tuesday  =  30tb  September. 

Thus  the  29th  September  was  Monday. 

Many  useful  minor  rules  might  be  added,  but  intelHgent 
readers  can  form  these  for  themselves  ;  and  all  interested 
in  the  subject  of  "  dutrs  "  should  provide  themselves  with 
the  invaluable  work  mentioned  above. 


STATIONARY     OR     LONG-EXDURING     RADIANTS     OF 
METEORS. 

To  the  Editor  of  Knowxedge. 

Dear  Sir, — Although  the  readers  of  Knowledge  are 
already  aware  of  the  existence  of  Stationary  or  Long- 
Enduring  Radiants  of  Meteors,  they  are  not,  perhaps, 
fully  acquainted  with  the  evidence  in  their  favour,  or  of 
the  difficulties  which  arise  in  attempting  to  explain 
them. 

The  evidence  in  favour  of  such  long-enduring  radiants 
will,  I  think,  appear  conclusive  to  anyone  who  arranges 
the  observations  comprised  in  a  long  catalogue,  like  that 
of  Mr.  Denning  in  the  Monthly  Notices  of  the  Royal 
Astronomical  Society  for  May  1890,  in  order  of  Eight 
Ascension  instead  of  date.  1  have  done  this  with  a  con- 
siderable number  of  catalogues,  which  generally  confirm 
each  other.  The  force  of  this  kind  of  evidence  may  be 
illustrated  by  analysing  the  radiants  in  Mr.  Denning's 
Catalogue  situated  between  R.A.  2G0'^  and  R.A.  270°  (the 
sign  +  indicating  Northern,  and  the  sign  —  Southern 
Declination).  Here  is  a  complete  list  of  them  : — 
200 '+  2°  Apr.  19. 
200°  4-  33°  Apr.  18. 
260° -h  45°  Jan.  14,17. 
200° -I-  02°  Apr.  19,  26. 
260 '-I-  63°  Sept.  5,  15. 
260° -I-  68°  July  24. 
260° -I-  09°  July  27,  29. 
261°+  4°  Feb.  15,  20. 
261°+  5°  June  3,  13. 
201°+  63°  Jan.  19,  25. 
202"+  04°  May  11,  14. 
202°+  04°  June  9,13. 
262°+  64°  Oct.  5,  12. 
263°+  36°  Feb.  20,  21. 
263"+  48°  Mar.  14. 
263°+  61°  July  29,  Aug.  2. 
263°+  62°  Mar.  28. 
263°+  62°  Apr.  20,  22. 

Six  of  these  are  determinations  of  the  nidiant  of  the 
Lyrids  (April  lH-20)  in  dill'erent  years,  but  the  occur- 
rence of  a  radiant  near  the  same  point  in  February 
suggests  a  doubt  as  to  whether  even  this  radiant  is  of  very 
brief  duration.  One  half  of  the  entire  number  appear  to 
belong  to  a  radiant  situated  between  +  60°  and  +  70°, 
which  continues  active  almost  throughout  the  year.  Five 
others  belong  to  a  radiant  situated  between  +  45°  and 
+  50°,  and  three  to  a  radiant  between  0°  and  5°.  The 
pair  at  +  20°  and  +21°  are  also  probably  connected  ;  and 
the  isolated  radiants  are  thus  reduced  to  two,  one  at  +77" 


203°+  09°  Aug.  21,  23. 
264°+  62°  Aug.  14,  23. 
204°+  64°  Apr.  30,  May  8. 
264°+  04°  May  28,  30. 
205°+  77°  Apr.  26,  May  3. 
200°+  33°  Apr.  18. 
200°+  47°  Aug.  22. 
260°+  03°  July  13. 
207°+  70°  Sept.  4,  7. 
207°+  21°  Apr.  19. 
207°+  49'  July  15,  20. 
208°-  24°  June  10,  20. 
208°+  33"  Apr.  19. 
209°+  31°  Apr.  19. 
209°+  33°  Apr.  20. 
269°+  37°  Apr.  Ki,  19. 
269°+  49°  July  20,  31. 


and  the  other  at  —  24°.  The  failure  to  trace  the  latter 
radiant  at  other  times  of  the  year  probably  arises  from  its 
great  Southern  Declination  ;  and  we  thus  seem  led  to  the 
conclusion,  not  merely  that  stationary  radiants  exist,  but 
that  they  are  the  rule — a  conclusion  which,  I  believe, 
further  analysis  of  published  observations  wiU  only  tend 
to  confirm. 

About  a  quarter  of  a  century  ago  the  close  correspon- 
dence between  certain  meteor-showers  and  the  orbits  of 
certain  comets  was  ascertained,  and  since  then  the  come- 
tary  character  of  meteor-showers  has  been  generally 
assumed.  Difficulties  arise  at  once  when  we  endeavour  to 
combine  this  cometary  character  of  the  showers  with  the 
fact  of  stationary  radiation.  We  can  only  fall  in  with  a 
cometary  shower  when  the  earth  is  at  a  moderate  distance 
from  the  comet's  orbit,  and  if  this  orbit  has  a  high  in- 
cUnation  to  the  ecliptic,  the  corresponding  shower  can  only 
be  encountered  when  the  earth  is  near  the  node.  High 
inclinations,  however,  predominate  among  the  comets  (if 
we  except  the  comparatively  small  class  of  comets  of  short 
period),  and  in  the  case  of  the  comet  which  has  been 
connected  with  the  August  Perseid  shower  the  inclination 
exceeds  60°.  But  that  the  activity  of  this  radiant  is  not 
limited  to  the  month  of  August  appears  certain.  Thus, 
Mr.  Denning,  on  reducing  the  Italian  observations  of 
1872,  found  that  it  had  continued  active  (though  with 
diminished  intensity)  during  the  last  five  montlis  of  the 
year.  Reverting  to  our  table,  the  radiant  situated  at 
about  263°+  03^  is  not  far  from  the  pole  of  the  ecliptic, 
and  therefore,  if  cometary,  would  require  a  high  inclina- 
tion in  the  corresponding  cometary  orbit ;  but  the  shower 
apparently  lasts  throughout  the  year.  Again,  if  a  come- 
tary meteor-train  was  sufficiently  difl'use  to  produce  a 
shower  of  considerable  duration,  the  radiant  point  would 
not  be  constant  but  would  shift  from  night  to  night ; 
whereas  the  constancy  of  the  radiant  (within  the  limits  of 
error)  is  the  fact  with  which  we  are  dealing.  Some 
observers,  indeed,  believe  that  they  have  observed  a 
shifting  in  certain  radiants  ;  but  the  instances  are  few 
and  doubtful,  and  the  amount  of  observed  shifting  does 
not  appear  to  agree  well  with  the  cometary  theory. 

The  Copernican  princiiJe,  that  we  perceive  relative  not 
absolute  motion,  is  of  course  applicable  to  the  apparent 
motions  of  meteors,  and  as  the  fixed  stars  are  so  distant 
as  to  be  practically  in  the  same  direction  at  all  periods  of 
the  year,  the  apparent  motion  of  a  meteor  among  the  fixed 
stars  will  vary  with  the  direction  of  the  earth's  motion  at 
the  time.  Hence  when  the  direction  of  the  earth's  motion 
varies  (the  velocity  being  always  pretty  nearly  the  same), 
the  apparent  position  of  the  radiant  must  vary,  assuming 
that  the  meteors  still  come  to  us  from  the  same  direction. 
But  we  have  seen  that  in  a  great  niunber  of  cases  there  is 
no  perceptible  change  in  the  position  of  the  radiant  at 
ditl'erent  periods  of  the  year,  and  hence  arises  a  ditliculty 
altogether  independent  of  tlie  cometary  theory. 

The  late  .Mr.  Proctor's  solution  of  tliis  difficulty  is 
known  to  the  readers  of  KNowi.EiHiK.  The  amount  of  the 
displacement  of  the  apparent  radiant  depends  on  the  rela- 
tive velocities  of  the  earth  and  the  meteors,  and  if  the 
velocities  of  the  meteors  is  very  great  compared  with  that 
of  the  earth,  the  displacement  will  be  very  small — and  the 
observations  are  consistent  witli  a  very  small  displace- 
ment. But  observation  tends  to  show  that  meteors 
coming  from  stationary  radiants  do  not  possess  this  very 
high  velocity.  Few  of  the  showers  appear  to  be  as  fast 
as  the  Leonids,  whose  velocity  has  been  computed  from 
the  corresponding  comet  at  14  miles  per  second.  Some 
of  them  are  noted  by  Mr.  Denning  as  "slow"  or  "very 
slow  "  ;  and,  what  is  perhaps  the  most  cpuclusive  evidence 
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that  their  velocity  is  comparable  to  that  of  the  earth,  they 
always  (so  far  as  I  have  traced)  appear  to  move  faster  or 
slower  according  as  the  earth  is  receding  from  or  approach- 
ing the  radiant.  The  explanation  of  the  phenomenon 
must  therefore  be  sought  elsewhere,  but  there  is  as  yet  no 
satisfactory  theory  on  the  subject. 

It  seems  clear,  however,  either  that  the  meteors  belong- 
ing to  the  same  long-enduring  shower  (though,  no  doubt, 
physically  connected  with  each  other  in  some  way)  are  not 
originally  moving  in  parallel  lines,  or  else  that  their 
original  parallehsm  is  by  some  means  destroyed  before  they 
are  sufficiently  heated  in  the  atmosphere  to  become 
luminous.  And  this  departure  from  parallelism  (whether 
original  or  acquired)  must  follow  a  -peculiar  law,  which 
almost  compensates  the  displacement  of  the  apparent  path 
caused  by  the  earth's  motion.  Totally  unconnected 
meteors  could  not  be  collected  into  groups  by  terrestrial 
aberration  in  the  manner  that  we  find  them  collected 
when  we  analyse  any  catalogue  ;  just  as  a  number  of 
stones  thrown  at  random  into  a  current  will  not  be 
collected  into  a  heap  by  the  action  of  the  water.  What 
we  experience  is  plainly  the  result  not  of  chance  but  of 
law  ;  but  of  a  law  which  remains  to  be  discovered. 
Yours  faithfully, 

W.  H.  S.  MoxcK. 

[The  degree  of  certainty  with  which  meteor  radiants 
have  been  determined  has,  I  think,  been  generally  much 
over-rated.  Observations  made  during  rich  showers  prove 
that  the  meteor-tracks  di'a'mi  backwards  amongst  the  stars 
do  not  all  meet  in  a  point,  but  they  appear  to  radiate  from 
an  area  of  as  much  as  five  or  six  degrees  in  diameter ;  the 
reason  for  this  divergence  no  doubt  being  that  meteors 
are  irregularly  shaped  bodies,  which,  on  plunging  into  the 
air,  are  deflected  from  their  original  course  in  a  manner 
similar  to  that  in  which  an  irregularly  shaped  body,  such  as 
a  shell,  is  turned  out  of  its  original  course  when  thrown 
into  water.  Occasionally  meteors  have  such  projections 
or  irregularities  that  their  course  through  the  air  appears 
sensibly  curved.  The  degi'ee  of  certainty  with  which  a 
radiant  can  be  determined  depends  on  the  magnitude  of 
the  radiant  area,  as  well  as  on  the  number  of  meteors 
observed.  If  there  are  several  radiants  supposed  to  be 
active  on  any  night,  an  observer  has  to  exercise  his  judg- 
ment in  determining  which  among  the  many  intersections 
with  other  meteor-paths  he  will  select  for  the  radiant.  No 
doubt  the  length  of  the  meteor-path  gives  some  indication 
as  to  whether  the  \'isible  part  of  the  track  is  near  or  far 
from  the  radiant ;  but  the  length  of  the  path  is  also 
affected  by  the  magnitude  of  the  meteor  and  its  velocity, 
and  there  must  fi-equently  be  very  considerable  uncertainty 
in  selecting  from  amongst  many  intersections.  In  sucla 
cases  the  bias  of  the  observer  will  no  doubt  produce  its 
effect.  We  cannot  judge  as  to  the  probability  of  the  actual 
existence  of  any  radiant  without  knowing  the  number  of 
intersecting  meteor-tracks  from  which  it  has  been  deter- 
mined. Radiants  determined  from  only  two  or  three 
Intersections  of  meteor-paths  not  all  observed  on  the  same 
night  ought,  I  think,  to  have  very  little  weight  attached 
to  them. 

I  cannot  accept  Mr.  Proctor's  suggestion  that  such 
stationary  radiants  correspond  to  a  rain  of  sporadic 
meteors  coming  from  certain  directions  out  of  space  ; 
for  if  the  earth's  motion  in  its  orbit  causes  no  shift  of 
the  radiant,  we  should  have  to  assume  such  a  velocity  for 
these  sporadic  meteors  that  they  would  at  once  be  detected 
by  the  difl'erent  character  of  the  streak  left.  According  to 
Mr.  Denning,  some  of  the  meteors  from  these  stationary 
radiants  are  quite  slow-moving, 


No  one  has  at  present,  as  far  as  I  am  aware,  plotted 
down  all  the  observed  radiants  on  a  globe  ;  marking  those 
which  fall  near  together,  but  do  not  occur  in  the  same 
month ;  and  taken  a  photograph  of  the  globe  to  exhibit 
the  grouping.  Such  a  graphic  method  would  no  doubt 
enable  the  eye  to  judge  better  of  the  grouping,  and  the 
relation  of  the  groups  to  the  places  of  bright  stars,  than 
any  inspection  of  tables.  I  have  plotted  down  the  radiants 
referred  to  in  Mr.  Monck's  letter.  They  fall  into  three  or 
four  well-marked  groups  ;  but  the  dates  of  the  adjacent 
radiants  are  not  uniformly  distributed  round  the  year, 
as  one  would  expect  on  Mr.  Monck's  hypothesis. — 
A.  C.  Ranyakd.] 


THE  FACE  OF  THE   SKY  FOR  MAY. 

By  Hebbert  Sadler.  F.R.A.S. 

BOTH  spots  and  faculae  continue  to  appear  on  the 
solar  surface.      The   following  are  the  times  of 
minima  of  some  of  the  Algol  type  variables  ('/. 
Knowledge,  March  and  April,  1891),  which  may 
be  conveniently  observed  at  Greenwich. 
U   Cephei.— May  4th,  Oh.  31m.  a.m.  ;  May  9th,  Oh.  11m. 
A.M.;  May   13th,   llh.  51m.  p.m.;  May  18th,   llh.  31m. 
P.M.;  May  23rd,   llh.   11m.  p.m.;  May  28tb,  lOh.  50m. 

P.M. 

S  Cancri.— May  7th,  llh.  51ui.  p.m.;  May  2Cth,  llh. 
7m.  P.M. 

S  Librse.— May  7th,  6h.  44m.  p.m. 

U  Coronffi.— May  14th,  Oh.  27m.  a.m.  ;  May  20th,  lOh. 
9m.  P.M.  ;  May  27th,  7h.  51m.  p.m. 

Owing  to  his  proximity  to  the  sim.  Mercury  is  not  well 
situated  for  observation  in  May.  On  the  1st  he  sets  at 
8h.  39m.  P.M.,  or  Ih.  18m.  after  the  sun,  with  a  northern 
declination  of  20°  27',  and  an  apparent  diameter  of  10|". 
He  is  then  inferior  to  a  oth-magnitude  star  in  brightness, 
about  YHo  o^  the  disc  being  illuminated.  He  is  in  inferior 
conjunction  with  the  sun  at  3h.  a.m.  on  the  10th,  at  a 
distance  of  about  olj  millions  of  miles  from  the  earth, 
being  then  in  transit  over  the  solar  disc  ;  a  phenomenon 
which  may  be  well  observed  in  the  western  part  of  the 
United  States  and  of  South  America.  At  Greenwich  the 
sun  rises  at  4h.  18m.  a.m.  on  that  day,  and  external 
contact  at  egress  takes  place  at  4li.  50m.  25s.  a.m.,  at  an 
angle  of  168°  fi-om  the  north  pole  towards  the  west 
(counting  for  direct  image).  At  egress  the  sun  will  be 
only  about  4°  above  the  horizon  at  Gre.  nwich.  After 
this  Mercury  becomes  a  morning  star,  but  is  too  near 
the  sun  to  be  observed,  as  on  the  31st  he  only  rises 
30m.  before  that  luminary. 

Venus  is  a  morning  star,  but  is  too  near  the  sun  to  be 
very  conveniently  observed.  On  the  1st  she  rises  at 
3h.  37m.  a.m.,  or  57m.  before  the  sun,  with  a  northern 
declination  of  0"^  49',  and  an  apparent  diameter  of  13^' , 
eight-tenths  of  her  disc  being  then  illuminated.  On  the 
31st  she  rises  at  2h.  4(im.  a.m.,  or  Ih.  5m.  before  the  sim, 
with  a  northern  declination  of  13^  45',  and  an  apparent 
diameter  of  Hi".  She  has  then  only  a  little  more  than 
a  quarter  of  the  brightness  she  possessed  at  the  beginning 
of  .lannary,  about  f'Jj  of  her  disc  being  illummated. 
During  the  month  she  passes  through  Pisces  into  Aries, 
but  without  approaching  any  conspicuous  star  very 
closely. 

Mars  and  .Jupiter  may  be  considered  to  be,  for  the  pm-- 
poses  of  the  amateur,  invisible.  Saturn  is  an  evening 
star,  rising  on  the  1st  at  Ih.  20m.  p.m.,  with  a  northern 
dechuation  of  9^  37',  and  an  apparent  equatorial  diametef 


May  1,  1891.] 


KNOWLEDGE. 


97 


of  18^"  (the  major  axis  of  the  ring  system  being  42i", 
and  tiie  minor  4-0").  On  the  31st  he  rises  at  llh.  22m. 
A.M.,  with  a  northern  dedination  of  9°  28',  and  an  apparent 
equatorial  diameter  of  17i"  (the  major  axis  of  the  ring 
system  being  40|",  and  the  minor  3f").  On  the  evening 
of  the  .5th  Titan  is  about  20"  south  of  the  planet ;  and  on 
that  of  the  12th  about  22"  north.  On  the  14th  lapetus  is 
about  36"  south  of  Saturn.  On  the  evening  of  the  21st 
Titan  is  about  20"  south  of  Saturn,  and  may  just  possibly 
be  eclipsed  by  the  shadow  of  the  planet.  On  the  evening 
of  the  28th  Titan  is  nf  of  the  planet.  Uranus  is  an  even- 
ing star,  rising  on  the  1st  at  6h.  Om.  p.m.,  with  a  southern 
declination  of  10°  33',  and  an  apparent  diameter  of  3-8". 
On  the  31st  he  rises  at  3h.  55m.  p.m.,  with  a  southern 
declination  of  10°  11'.  He  describes  a  short  retrograde 
path  to  the  N.N.E.  of  86  Virginis  during  the  month. 
Neptune  is  in  conjunction  with  the  sun  on  the  28th. 
There  are  no  well-marked  showers  of  shooting  stars  in 
May. 

'The  moon  enters  her  last  quarter  at  Ih.  51m.  p.m.  on 
the  1st ;  is  new  at  6h.  16m.  a.m.  on  the  8th  ;  enters  her 
first  quarter  at  7h.  4m.  p.m.  on  the  15th  ;  is  full  at  6h. 
26m.  p.m.  on  the  23rd  ;  and  enters  her  last  quarter  at 
6h.  55m.  P.M.  on  the  30th.  She  is  in  perigee  at  9h.  a.m. 
on  the  5th  (distance  from  the  earth  227,015  miles),  in 
apogee  at  5h.  a.m.  on  the  17th  (distance  fi-om  the  earth 
251,380  miles),  and  in  perigee  again  at  9h.  a.m.  on  the 
31st  (distance  from  the  earth  229,565  miles).  The  greatest 
western  libration  is  at  4h.  10m.  a.m.  on  the  11th,  and  the 
greatest  eastern  at  Oh.  44m.  a.m.  on  the  24th.  There 
will  be  a  total  eclipse  of  the  moon  on  the  23rd,  which 
may  be  well  observed  in  India.  At  Greenwich  only  a 
small  portion  of  the  eclipse  is  visible  ;  the  moon  rising  at 
7h.  56m.  P.M.,  and  totality  ending  three-quarters  of  an 
hour  previously.  The  last  contact  with  the  shadow  takes 
place  at  8h.  17m.  p.m.,  at  an  angle  of  90°  from  the 
northernmost  portion  of  the  moon's  limit  towards  thg 
west  (counting  for  direct  image).  The  last  contact  with 
the  penumbra  takes  place  at  9h.  21Jm.  p.m. 


amijist  Column. 

By  W.  Montagu  Gattie,  B.A.Oxon. 


The  Management  of  Trumps. 

AT  the  commencement  of  a  hand,  the  question 
whether  or  not  trumps  should  be  led,  although 
often  difficult,  can  nevertheless  be  decided,  in 
the  large  majority  of  instances,  on  certain  defi- 
nite linos  familiar  to  players  of  experience. 
Differences  of  opinion  exist,  no  doubt,  as  to  the  proper 
course  in  particular  cases,  and  there  is  wide  scope  for 
diversity  of  style.  There  is,  perhaps,  no  point  of  the 
game  into  which  the  "personal  equation"  enters  more 
conspicuously,  and  a  man's  position  in  a  scale  of  character 
ascending  from  the  extreme  of  caution  to  the  extreme  of 
temerity  might  not  inaccurately  bo  gauged  by  his  manage- 
ment of  trumps.  But,  given  a  particular  player,  he  will 
nearly  always  be  able  to  decide,  as  soon  as  he  takes  up  his 
cards,  whether  he  will  lead  trumps  or  not. 

The  case  is  difi'crent  when  the  game  has  progressed 
some  stages,  and  when,  at  a  critical  moment,  the  question 
of  a  trump  lead  has  to  be  determined.  General  rules 
have  ceased  to  be  applicable,  and  there  is  no  longer  so 
much  margin  for  individuality.  The  only  safe  guides 
arc  judgment  and  observation,  and  those  are  the  dis- 
tinguishing marks  of  the  brilliant  player.     The  following 


hand  furnishes  an  interesting  example  of  the  importance 
attaching  to  a  right  decision  under  such  circumstances  : — 


Hand  No.  20. 


B's  Hand. 

Score— AB,  love  ;  YZ,  3. 

Z  turns  up  the  ace  of  clubs. 

Note. — A  and  B  are  partners  against  Y  and  Z.  A  has 
the  first  lead  ;  Z  is  the  dealer.  "The  card  of  the  leader  to 
each  trick  is  indicated  by  an  arrow. 


A 

^ 

0    0 

0 

O     0 

0    0 

0 
0 
0 

0     0 

Tricks— k^,  1  ;  YZ,  0. 


Tricks— KH,  1  ;  YZ.  1. 


Note. — Trick  2. — Z  has  the  king  of  diamonds  ;  A  has 
all  the  other  diamonds  ;  and  Y,  having  rufled  a  doubtful 
trick,  is  weak  in  trumps. 

Trick  3. 
A 


Note. — From  the  fall  of  the  cards,  Y  has  led  from  at 
least  six  hearts  ;  he  holds  the  queen,  and  not  the  knave. 
A  can  only  have  the  knave,  eight ;  and  Z  can  only  have 
the  knave,  unless  he  has  commenced  a  call  for  trumps. 

First  Line  of  Play. 


Note. — B  desires  neither  to  open  spades,  nor  to  lead 
hearts  up  to  Y's  strength.  Holding  four  trumps  to  two 
honours,  ho  leads  through  Z's  aee  up  to  Y's  declared 
weakness. 
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4.   4. 


B 
Tricks— AB,  3  ;  YZ,  2. 


YZ,  2. 


Note. — Z's  lead  was  to  be  expected,  for  his  partner 
clearly  lias  no  more  trumps,  and  the  four  is  marked  in  A's 
hand. 

Trick  7. 
A 


m 

0 
0 

Wl^i 

_^l 

<9 

^ 

'Jricks—XB,  i  ;  YZ,  3. 

Note. — B's  lead  will  either  clear  his  ten  of  hearts,  or 
throw  the  lead  into  Z's  hand,  who  then  must  open  spades. 
A  spade  is  of  no  avail,  unless  both  A's  spades  are  winning 
cards  (the  diamonds  being  not  yet  established)  ;  and,  in 
this  fortunate  event,  only  one  trick  is  lost  by  the  heart 
lead. 


YZ,  (;. 


B 

Tricks— A.B,  5  ;  YZ,  7. 

Y  makes  the  queen  of  hearts,  and 

YZ    SCOKE    Two    BY    CaKDS    AND    GaME. 


Kemarks. — If  B  leads  a  small  spade  at  trick  7,  Y,  on 
winning  with  the  nine,  should  return  the  king  at  onee, 
and  follow  with  the  ten  ;  Z  wins  with  the  knave,  draws 
B's  trump  with  the  ace,  and  then  makes  the  knave  of 
hearts,  the  king  of  diamonds,  and  the  last  spade. 

Trick  8. — It  would,  of  course,  be  bad  play  at  this  stage 
of  the  game  for  Z  to  lead  out  the  ace  of  spades. 

Trifle  9. — Z  passes  his  partner's  ten  ;  for,  if  B  holds 
queen,  nine,  he  can  only  have  one  heart,  and,  after  trump- 
ing Y's  hearts,  must  lead  a  spade. 

Second  Line  of  Play. 

Trick  4. — B  plays  the  two  of  hearts,  Z  the  knave  of 
hearts,  A  the  four  of  clubs,  Y  the  three  of  hearts.  Tricks, 
AB,  3  ;  YZ,  1. 

Note.  — B  argues  that,  if  A  has  knave,  eight,  of  hearts, 
he  can  only  have  three  trumps,  and  these  on  the  hypo- 
thesis that  he  has  no  spades,  so  that  there  is  small 
prospect  of  his  bringing  m  his  diamonds,  which  are  not 
yet  established.  If  A  has  no  hearts,  AB  have  a  cross 
ruff;  if  he  has  the  eight,  and  Z  the  knave,  B's  ten  will 
remain  guarded  ;  and,  if  Z  is  void  and  discards,  A's  knave 
will  draw  the  queen,  and  B  will  have  command  of  the 
suit. 

Trick  5. — A  plays  the  eight  of  diamonds,  Y'^  the  seven 
of  clubs,  B  the  nine  of  clubs,  Z  the  king  of  diamonds. 
Tricks— KB,  4  ;   YZ,  1. 

Trick  6. — B  plays  the  four  of  hearts,  Z  the  two  of 
spades,  A  the  ten  of  clubs,  Y'  the  five  of  hearts.  Tricl,-s — 
AB,  o  ;  YZ,  1. 

Trick  7. — A  plays  the  queen  of  diamonds,  Y  the  three 
of  clubs,  B  the  king  of  clubs,  Z  the  ace  of  clubs.  Tricks — 
AB,  5  ;  YZ,  2. 

Note. — A  asks  B  for  his  best  trump. 

Trick  8. — Z  plays  the  five  of  clubs,  A  the  queen  of 
clubs,  Y  the  six  of  hearts,  B  the  six  of  clubs.  Tricks — 
AB,  6;  YZ,  2. 

Trick  d. — A  plays  the  nine  of  diamonds,  Y  the  nine  of 
spades,  B  the  ten  of  hearts,  Z  the  eight  of  clubs.  Triclis 
— AB,  6  ;  YZ,  3. 

Trick  10. — Z  plays  the  four  of  spades,  A  the  three  of 
spades,  Y  the  king  of  spades,  B  the  five  of  spades.  Tricks 
— AB,  6  ;  YZ,  4. 

Trick  11. — Y  plays  the  queen  of  hearts,  B  the  knave  of 
clubs,  Z  the  six  of  spades,  A  the  two  of  diamonds.  Tricks 
— AB,  7  ;  YZ,  4. 

Trick  12. — B  plays  the  seven  of  spades,  Z  the  ace  of 
spades,  A  the  eight  of  spades,  Y  the  ten  of  spades.  'Tricks 
— AB,  7  ;  YZ,  5. 

Trick  13. — B  makes  the  queen  of  spades,  and 
AB  Score  Two  by  Cards  and  Two  by  Honours. 

Eemarks. — Trick  6. — K  Z  trumps  with  the  ace,  A  dis- 
cards a  spade  ;  and,  if  Z  then  leads  a  trump,  AB,  with 
proper  play,  make  4  by  cards. 

Trick  10. — Z  plays  correctly  in  leading  a  small  spade, 
as  he  can  count  two  spades  in  A's  hand  and  three  in  B's. 

Trick  12. — Z,  of  course,  plays  his  ace  of  spades  to 
save  the  game,  as  he  cannot  teU  where  the  queen  is. 


A's  Hand. 

C— Qn,  10,  4. 
D.— Ace,  Qn,  Kn,  9,  8, 
S.— 8,  8. 
H.— 7. 

Y's  Hand. 

C— 7,  3,  2. 

D.— 4. 

S.— Kg,  10,  9. 

H.— Kg,  Qn,  8,  6,  5,  3. 


B's  Hand. 

C— Kg,  Kn,  9,  6. 
;,  2.  D.— 5,  8. 

S.— Qn,  7,  5. 
H.— Ace,  10,  4,  2. 

Z's  Hand. 

C— Ace,  8,  5. 
D.— Kg,  10,  7. 
S.— Ace,  Ivn,  6,  4,  2. 
H.— Kn,  9. 
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at^tns  Column. 

By  C.  D.  LococK,  li.A.Oxon. 


To  CoRKESPONDENTS. — Solutioiis  of  Probleius  should  be 
sent  in  not  later  than  the  12th  of  each  month,  for  acknow- 
ledgment in  the  following  number. 

Correct  solution  of  Problem  No.  1  received  from  A.  F. 
Parbury. 

0.  T.  Blamhanl.—Mier  1.  B  to  KB2,  E  to  K5,  White 
cannot  mate.  See  below  for  correct  solution.  The 
problem  you  send  is  rather  too  simple,  the  move  to  block 
the  position  being  obvious.  You  might,  perhaps,  puzzle 
your  friends  with  the  following : — White  :  K  at  K2, 
Q  at  Q2.  Black:  K  at  K5,  Pawns  at  K4  and  KB-1. 
Mate  in  2. 

Solutions  of  Problems. 

No.  1  (Two-mover,  by  T.  Taverner). — 1.  E  to  Esq,  and 
mates  next  move. 

No.  2  (Fifteen-move  Sui-Stalemate,  by  C.  D.  Locock). — 
1.  B  to  B3  ch,  2.  Q  to  B5  ch,  8.  E  x  B  ch,  4.  Q  to  KC  ch, 
5.  PxE  (Queening)  ch,  0.  E  to  QO  ch,  7.  Q  to  QE8ch, 
8.  Kt  to  B7  ch,  9.  P  to  Kt4  ch,  10.  Q  to  Kt8  ch,  11.  Kt  to 
E8ch,  12.  QxBch,  13.  Kt  to  Kt6  ch,  14,  Kt  to  E4  ch, 
15.  Q  to  Kt5ch,  KxQ,  Stalemate.  Blacks  moves  are  all 
forced. 

PEOBLEM. 
By  .J.  Mortimer. 


White. 

White  to  play,  and  mate  in  three  moves. 


CABLE  MATCH. 

(StEINITZ    v.  TSCHIGORIN.) 

We   give   here    the  first   stage   of    the  "Two  Knights 
Game,"  with  notes. 

Two  Knights  Defence. 

White.  Black. 

Steinitz.  Tschigoiin. 

l.PtoKi  l.PtoK4 

2.  Kt  to  KB3  2.  Kt  to  QB3 

3.  B  to  ]!1  3.  Kt  to  KB3 

4.  Kt  to  Kt5  4.  P  to  Q4 

5.  PxP  5.  KttoQIU 

6.  B  to  Kt5  ch  6.  P  to  B3 

7.  P  X  P  7.  P  X  P 

8.  B  to  K2  8.  P  to  KR3 

9.  Kt  to  lis  (a)  9.  BtoyB4(i) 


White. 
Steinitx. 

10.  P  to  Q3 

11.  Kt  to  B3  (</) 

12.  Kt  to  E4  (f) 

13.  Kt  to  Ktsq  (/•) 

14.  P  toQB3(v) 

15.  P  to  Q4 

16.  P  to  QB4 

17.  Kt  to  QB3 

18.  P  to  QKt3 

19.  B  to  Kt2 

20.  Q  to  B2  (/)  ■ 

21.  K  to  Bsq  (m) 

22.  PxP 

23.  B  X  P  («) 

24.  Kt  to  K4  {i)) 

25.  Q  to  K2  ((/) 

26.  Q  toK6ch 

27.  BxQ 


Black. 

Tschigorin. 

10.  Castles  (c ) 

11.  Kt  to  Q4 

12.  B  to  Q3 

18.  P  to  KB4 

14.  B  to  Q2  {h) 

15.  P  to  K5  (/) 

16.  Kt  to  K2(j  ) 

17.  B  to  K3 
18   B  to  QKtS 

19.  P  to  B5  (A) 

20.  Q  X  P 

21.  P  to  B6 

22.  P  X  P 

23.  B  to  KB4  (o) 

24.  B  X  Kt 

25.  BxB 

26.  K  to  E2  (»•) 

27.  B  X  E 


(rt)  Up  to,  and  including  this  move,  the  line  of  play 
was  agreed  on  by  the  two  players. 

(i)  Captain  Mackenzie  was  inclined  to  prefer 
9.  ...  B  to  Q3.  White,  however,  seems  to  have  a  good 
reply  in  10.  P  to  Q4.  After  9.  .  .  .  B  x  Kt  ?  ;  10.  P  x  B, 
Q  to  Q4  ;  11.  B  to  B3,  P  to  K5  ;  12.  Kt  to  B3,  Q  to  K4  ; 
White  wins  by  13.  Q  to  K2,  which  seems  better  than 
18.  B  to  Kt2,  the  move  given  by  Mr.  Steinitz  in  his  Modmi 
Chess  Instructor. 

(c)  10.  .  .  .  Kt  to  Q4  would  be  good,  but  for  the  reply 

11.  BtoKt4.     He   dare   not  play  11.  Kt  to  B3,   B  x  Kt ; 

12.  PxB,  KtxKt ;  13.  PxKt,  Q  to  E5,  recovering  the 
Pawn.  In  the  above  variation,  if  White  play  12.  Ktx  Kt, 
Black  wins  at  once  by  12.  .  .  .  BxP,  or,  in  a  more 
roundabout  way,  by  12.  .  .  .  Q  x  Kt ;  13.  B  to  B3,  Q  to  Q5  ; 
14.  B  to  K3,  Q  to  kt5ch  ;  15.  P  to  B3  (if  15.  B  to  Q2, 
Q  to  KE5  wins),  15.  .  .  .  Q  x  KtP,  winning  another 
Pa^vn.  Immediately  fatal  would  be  11.  Kt  to  Q2'??, 
B  X  Kt ;  12.  P  X  B,  losing  the  Queen. 

(d)  11.  P  to  QB3  also  presents  claims  to  consideration. 
Not  so,  however,  11.  B  to  K3,  for  Black  would  exchange 
both  pieces  and  proceed  with  Kt  to  Q4,  threatening 
Q  to  E5  ch,  or  Q  to  Kt3,  according  to  circumstances. 

(f)  12.  Ktx  Kt,  besides  presenting  Black  with  a  centre, 
would  allow  his  QKt  to  escape  at  QB3,  bringing  the  game 
to  a  kind  of  Evans  Gambit  position. 

( /■)  In  view  of  the  adverse  KBP  coming  on,  he  no 
longer  rehshes  the  idea  of  B  x  Kt,  a  capture  which  would 
have  been  obviously  imprudent  on  the  previous  mo\-e,  on 
account  of  13.  Kt  x  B,  B  x  P  ?  ;  14.  R  to  Ktsq,  Ac. 

((/)  A  characteristic  move  (vide  note  (i)).  After  14.  P  to  Q4, 
Pxi?;  15.  QxP,  Black,  according  to  Mr.  Steiuitz,  has  a 
good  game.  He  might  continue  15.  .  .  .  Q  to  K2,  pre- 
venting Kt  to  B5,  and  threatening  16.  .  .  .  Kt  to  Kt  5, 
and  other  terrors. 

(/()  A  very  ugly-looking  move.  B  to  K3  has,  at  any 
rate,  a  more  attractive  appearance  (ridf  move  17). 

(i)  Hear  now  the  Master :  "  If  Black  had  played  PxP, 
I  should  have  retaken  with  the  Pawn,  creating  two  '  holes  ' 
in  Black's  game  at  K4  and  QB4.  "  So  isolated  Pawns  are 
not  so  bad  always  after  all !  In  this  case  the  compensa- 
tion partly  lies  in  the  open  QB  tile. 

(J)  Mr.  Steinitz  w'ould  probably  answer  B  to  Kt5  ch  ? 
by  K  to  Bsq,  or  Kt  to  B5  by  13  to  Bsq. 

(k)  A  little  premature,  perhaps.  He  might  play  instead 
19.  1!  to  Ktsq,  preventing  P  to  Q113.  If  then  20.  P  to  KB4, 
Black  might  venture  .  .  .  P  to  KKti,  followed  by  Kt  to 
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Kt3.  20.  .  .  .  Kt  to  Kt8  at  once  would  be  useless  on 
account  of  21.  P  to  Kt3,  and  if  Black  sacrifices  the  Knight 
the  White  King  escapes  to  QB2.  Mr.  Tschigorin's  ob- 
ject, no  doubt,  was  to  prevent  P  to  KB'l,  even  though  that 
move  would  give  liim  a  passed  Pawn. 

(/)  A  very  fine  move,  if  properly  followed  up.  Black 
is  practically  bound  to  take  the  offered  Pawn,  or  White 
could  Castle  (against  his  principles)  on  the  Q  side. 

(//()  "  Steinitz's  Delight."  Moreover  it  threatens  to  win 
a  piece  by  P  to  QR3.  At  the  same  time,  with  all  due 
deference,  it  is  difficult  to  describe  it  (followed  up  as  it  is) 
otherwise  than  as  an  extraordinary  blunder,  occurring  as 
it  does  in  a  correspondence  game.  White  might  have 
obtained  the  superioritv  by  the  following  simple  line  of 
play  :  21 .  P  to  QR3.  B  xKt  (forced ) ;  22.  B  x  B,  Q  to  Kt3  ! 
(If  Q  to  Qsq,  White  wins  a  piece  by  Q  x  P  and  Q  to  K.5)  ; 
23.  QxP,  PtoB3!;  24.  P  to  QKt4,  Kt  to  KtG  ;  2.5. 
E  to  Qsq,  followed  by  Kt  to  R3. 

(n)  If  23.  KtxP,  B  to  R6  ch  ;  24.  K  to  Ksq, 'snth  a 
good  enough  game.  Black  is  still  a  Pawn  to  the  bad, 
and  his  attack  is,  to  say  the  least,  not  obvious. 

(o)  The  best,  and  in  fact  the  (mly  move,  as  White 
threatens  P  to  QE3  followed  by  Kt  to  K4. 

(/<)  Another  extraordinary  blunder.  Q  to  Bsq  was  the 
only  move.  B  to  K4  would  obviously  lose  a  piece.  The 
same  result  would  attend  Q  to  Qsq,  on  account  of  the 
reply  B  to  Q6  ch. 

After  24.  Q  to  Bsq,  B  to  Q6  ch  (better  than  B  to  R6  ch, 
to  which  White  could  reply  25.  K  to  K2)  ;  25.  QKt  to  K2  !, 
Q  to  R5  ;  26.  Q  to  K3,  with  a  good  game. 

It  should  be  noticed  that  25.  K  to  Kt2  was  out  of  the 
question  on  account  of  the  winning  reply  RxB!  25. 
K  to  Ksq  was  also  dangerous  in  view  of  QR  to  Ksq.  (Not, 
however,  25.  .  .  .  R  xB  ;  26.  Kt  x  R,  Q  to  K5  ch  ;  27. 
Q  to  K3,  Kt  to  B4  ;  28.  Q  x  Q,  B  x  Q  ;  29.  K  to  K2  and 
wins). 

(q)  He  perceives  now,  what  he  must  have  overlooked  at 
move  21,  that  25.  BxB  would  lose  on  account  of  25. 
.  .  .  E  X  P  ch  ! ;  26.  Q  X  R,  Q  x  B  ;  27.  Kt  to  B3,  R  to 
KBsq  ;  28.  K  to  Kt2,  B  to  B4  !  ;  29.  Q  to  Kt3,  Q  to  B7  ch, 
&c. ;  or,  better  still,  29.  .  .  Kt.  to  B4.  Mr.  Tschigorin,  of 
course,  takes  advantage  of  the  move  actually  made,  to  give 
up  his  Queen  for  more  than  an  equivalent  both  in  material 
and  position. 

(r)  A  learned  commentator  in  an  unlearned  contem- 
porary suggests  here  26.  ...  K  to  Esq,  as  leaving  the 
King  less  subject  to  checks.  He  would  be  subject,  how- 
ever, to  a  mate  in  two  moves,  which  White  might 
announce  after  27.  B  x  Q,  B  x  E. 

After  the  next  move  on  each  side  the  game  enters  on  a 
new  phase,  the  consideration  of  which,  in  view  of  the 
alphabet  running  short,  is  postponed  till  the  conclusion  of 
the  game. 

The  following  additional  moves  have  been  made  in  this 
game  : — 

White. 

28.  Q  to  E3  ! 

29.  B  to  Ko 

80.  B  to  B4 

81.  Q  to  Q3  ch 

32.  QxKt 

33.  P  to  B3 

34.  QxRP 

35.  Q  to  QB7 

36.  P  to  QE3. 

37.  KtxE 


JBlack. 

28.  Kt  to  B4 

29.  QE  to  Ksq 

30.  Kt  to  Q5 

31.  B  to  K5 

32.  RxB 

33.  QE  to  KBsq 
84.  P  to  B4 

35.  Kt  to  B3 

86.  E  X  P  ch  ! 

87.  R  X  Kt  ch 


The  Evans  Gambit  game  has  been  continued  as  follows 
since  the  publication  of  the  diagram  in  the  March 
number  : — 


21. 


White  (Tschigorin). 


22. -Kt 
23.^t 


23. "Kt  to  B5 

24.  KtxB 

25.  BxKt 

26.  BxP 

27.  QxR 

28.  Q  to  R4 

29.  R  to  Q2 

30.  R  to  Ktsq 

31.  R  to  Kt5 

32.  Q  to  Kt4 

33.  P  to  QR4 

34.  R  to  Kt6 

35.  Q  to  R5 

36.  PxP 


Black  (Steinitz). 

21.  B  to  Q3 

22.  KtxKt 

23.  P  to  KKt3 

24.  QxKt 

25.  BPxB 

26.  R  to  QRsq 

27.  QxB 

28.  K  to  Qsq 

29.  K  to  B2 
80.  R  to  Qsq 

31.  Q  to  B3 

32.  P  to  Q3 
83.  Q  to  Ksq 

34.  Q  to  Bsq 

35.  P  to  Q4 


(Present 
Bl 


The  news  of  the  death  of  Captain  G.  H.  Mackenzie  has 
been  received  in  England  with  the  greatest  regret.  Be- 
sides being  for  a  great  many  years  the  strongest  player  in 
America,  Captain  Mackenzie  was  perhaps  the  most  uni- 
versally popular  of  all  the  chess  masters.  As  a  player  he 
takes  rank  only  after  Mr.  Steinitz  and  the  late  Dr. 
Zukertort. 
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STELLAR    SPECTRA. 

[Secnnd  I'ujier.] 

I'.Y  K.  W.  MAiiNnuR,  F.R.A.S.  {Assisttnit  siiperintendinij  the 

SjKrtronrojiie  Ikjniitiitent  of  (rreniukh  Ohservatori/). 

THE  last  paragraph  of  my  paper  on  this  subject  in  the 
April  number  of  Knowledge  was  cut  abruptly  short, 
and  would  bear  further  explanation,  and  the  Editor 
having  courteously  invited  me  to  resume  the  subject, 
I  accordingly  do  so. 
The  method  of  comparing  the  mass-brightness  of  double 
stars,  which    Mr.   Monck  devised  (Ohsentitcri/,  vol.  x.,  p. 


96),  depends  upon  the  circumstance  that  the  period  of  a 
binary  is  not  affected  by  its  distance  from  us,  and  thorigli 
its  mass  will  vary  according  to  the  distance  from  us  which 
we  assign  to  the  star,  its  total  brightness  will  vary  in  the 
same  proportion.  Given  then  for  two  pairs  of  double 
stars  the  apparent  brightness,  the  apparent  angular  radii 
of  the  relative  orbits  of  the  two  components,  and  the 
periods  of  each,  and  their  relative  mass-brightness — or  to 
use  Prof.  Young's  more  graphic  phraseology,  their  relative 
"  candle  power  per  ton  " — can  be  computed.  The  formula 
only  breaks  down  in  the  improbable  case  of  a  pair  in 
which  one  star  is  at  once  very  much  fainter,  and  yet 
nearly  as  heavy  as  the  other. 

The  following  table  shows  the  values  of  the  relative 
mass-brightness  of  the  stars  of  the  two  types  as  given  by 
Mr.  Gore  in  his  "  Catalogue  of  Binary  Stars  "  : — 


Sirian  Stabs. 

OS  4 

1-48 

u>  Leonis   . 

4Cfi 

f  Scorpii  .. 

.'.-70 

02  20       .  . 

9-77 

•fi  Ursffl  Maj. 

21-20 

A  Ophiuchi 

29-54 

U  Ononis 

■4-09 

Y  Virginis 

4-92 

ti  Braconis 

4-21 

12  Lyncis 

14-01 

25  Can.  Ven. 

7-28 

C  Sa^ttarii 

2.-t-04 

Sirius       ... 

6-35 

^  Coronse  Bor. 

1-40 

«  Cygni    . 

31-29 

Castor 

:«12 

/i2  Bootis 

2-74 

3  Delpliini 

(!-85 

f  Canon 

2!l(i 

Y  Corona!  Bor. 

22  10 

,\  Cygni 

11-01 

Solar  Stars. 

S  30132      

0-fi8 

42  ComlE 

2-46 

2  2173      ... 

0-8S 

1}  CassiopeiiB    ,  . 

0-33 

2  17.17      

0-37 

T  Ophinchi 

7-35 

.'»)  Audromedffl   . 

6-23 

5  181»      

0-95 

70  Ophiiicbi 

0-:!O 

2  228 

M7 

a  Centauri 

1-31 

Y  Coronie  Aust. 

1*22 

OS  U9      . 

1-07 

J  Bootis  ... 

0-34 

02  •■!«7     -  . 

2-46 

S  1037 

ISJ 

44  Bootis 

207 

OS  4<XI      ... 

307 

S  3121 

0-21 

OS  29S 

U-45 

4AquarLi 

3-64 

i  Ursffi  Ma)  ♦ 

100 

a-  CoronED  Bor. 

1-77 

T  Cyffnl 

4-28 

OS  23* 

1-80 

(  Hercnlis 

4(!7 

n-  Cephei 

1107 

OS  235 

2  11 

5  2107      .  . 

174 

•  Mr.  Mc 

nek  «a 

Itl03'e*l  tliis  I'inary  u 

s  liis  ui 

it  of  comparison. 

The  table  shows  two  striking  features.  First,  an 
average  superiority  of  the  Sirian  over  the  Solar  stars,  far 
too  marked  and  too  frequent  to  be  the  effect  of  accident, 
for  whilst  the  mean  mass-brightness  of  the  First  Type  stars 
is  12-00,  that  of  the  Second  Type  is  not  one-fifth  so  great, 
being  only  2-30.  Indeed,  one-third  of  the  Sinan  stars  are 
brighter  per  mass  unit  than  the  brightest  Solar  star,  and 
one-half  the  Solar  are  fainter  than  the  faintest  Sirian.  So 
that  -we  cannot  resist  the  conclusion  that,  in  proportion  to 
their  light-giving  power,  stars  resembling  our  own  sun  in 
spectrum  are  considerably  heavier,  and  if  we  assume  a 
uniform  brilliancy  for  equal  photospheiic  areas,  much 
denser  than  those  like  Sirius  or  Vega.  But  -n'hen  we  take 
this  conclusion  m  connection  with  the  one  already  arrived 
at,  that  the  total  light-giving  power  of  the  average  member 
of  the  Second  Type  is  greater  than  that  of  the  First,  the 
superiority  in  mass  of  the  Solar  stars  becomes  yet  further 
enforced.  If  it  be  legitimate  to  ascribe  the  title  "  giant 
suns  "  to  any  one  of  the  classes  into  which  we  divide  stars, 
as  distinguished  by  their  spectra,  then  undoubtedly  it  must 
be  the  Solar  and  not  the  Sirian  stars  which  must  bo  so 
designated. 

But  the  second  conclusion  to  be  drawn  from  the  table 
-would  show  that  spectrum  alone,  at  least  as  at  present 
classified,  is  insuHicieut  to  deterinino  whether  the  mass- 
brightness  of  a  star  is  relatively  high  or  low.  Just  as 
with  the  table  given  on  p.  7ci,  sttirs  of  every  degree  of 
absolute  light-giving  power  were  found  in  either  type,  so 
it  is  now  with  mass- brightness.  We  could  not  then  suppose 
that  any  given  dimensions,  or  any  given  total-light 
radiation,  were  necessarily  associated  with  a  particular 
form  of  spectrum  ;  and  so  now  we  are  precluded  from 
supposing  that  any  given  degree  of  condensation  corre- 
sponds to  the  one  type  or  the  other. 

This  conclusion  has  a  more  important  bearing  on  the 
question  of  the  "  .-\ge  of  Stars"  than  the  former;  using 
the  word  "  ago,"  of  course,  not  to  signify  actual  length  of 
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existence,  but  condition  of  development.  For  whilst 
the  total  light-giving  power  of  a  star  will  depend 
not  merely  on  its  "  ago,"  but  also  on  its  size,  so  that 
wo  might  expect  both  "old  "  and  "  young  "  stars  to  show 
a  great  diversity  of  emissive  power,  it  is  not  so  with 
its  conditions  of  condensation.  On  the  current  theory 
of  gradual  cooling  and  contraction  the  mass-brightness 
would  vary  directly  with  the  "  ago,"  and  we  should  expect, 
if  spectrum  typo  simply  meant  stage  of  development,  that 
there  would  be  no  very  wide  range  of  difference  of  mass- 
l)rightness  in  any  particular  class,  but  that  different  types 
would  be  clearly  marked  oft'  from  each  other  by  very 
different  brilliancies  per  unit  of  mass.  It  should  be  as 
easy  to  assign  its  spectrum  to  each  star  in  the  table,  from  a 
consideration  of  the  number  deduced  for  it,  as  from  actual 
scrutiny  by  the  prism.  That  the  fact  is  so  different  shows 
that  we  cannot  accept  such  speculations  as  those  of  Vogel 
and  Lockyer  as  holding  good  generally ;  spectrum  type 
may  mean  "  age  "  in  a  number  of  instances,  but  it  cannot 
always  do  so. 

So  far  as  the  spectrum  is  an  indication  of  the  stage  of 
development  attained  it  will  undoubtedly  be  true,  as  I  said 
in  April,  that  "theorists  are  probably  right  when  they 
have  placed  the  Second  Type  stars  as  belonging  to  a  later 
stage  than  the  First  "  ;  but  we  must  bear  clearly  in  mind 
that  we  have  no  right  to  assert  that  all  stars,  or  even  the 
majority,  pass  thi'ough  both  stages. 

One  most  notable  exception  to  the  general  greater 
density  of  the  Second  Type  stars  must  be  mentioned. 
This  star,  y  Leonis,  with  a  relative  candle  power  per  ton 
of  92-99,  stands  out  so  distinguished  for  its  superiority  of 
brilliancy  over  mass  that  I  have  not  included  it  amongst 
the  other  Second  Type  stars  in  the  table.  I  think  we  are 
warranted  in  treating  this  star,  the  co-efficient  ot  which  is 
half  as  large  again  as  all  the  other  29  stars  of  its  type  put 
together,  as  altogether  exceptional.  Nevertheless,  its  in- 
clusion with  the  other  members  of  the  type  would  not  have 
materially  altered  the  result.  The  average  First  Tj'pe 
star  would  still  have  shown  a  higher  mass-brightness  than 
the  Second  Type,  whilst  it  would  have  become  more,  and 
not  less,  obvious  that  condensation  alone  was  not  a  suf- 
ficient indication  of  spectrum. 

it  is  possible  that  the  explanation  of  this  peculiarity  of 
y  Leonis  may  be  that  the  Second  Type  is  a  stage  ]iassed 
through  twice,  once  during  the  period  of  increasing  tem- 
perature, and  later,  after  the  First  Type  has  been  gone 
through,  during  the  time  of  decline.  At  present,  however, 
the  star  stands  quite  alone,  and  the  only  star  which  can 
reasonably  be  suggested  as  also  showing  a  similar  extra- 
ordinary relative  brightness  is  Arcturus.  If  Arcturus 
emits  147  times  as  much  light  as  Sirius,  it  seems  easier  to 
suppose  that  this  corresponds  to  a  greater  emissive  power 
per  ton,  than  to  take  the  reverse  view  and  assign  it  say 
.lOO  or  (iOO  times  the  mass  of  Sirius. 

It  would  bo  an  immense  assistance  to  us  in  an  enquiry  of 
this  nature  if  we  knew  the  details  of  the  spectra  of  both 
members  of  a  large  number  of  pairs.  Unfortunately,  there 
arc  special  difticulties  about  the  examination  of  the  spectra 
of  dimblo  stars,  and.  in  consequence,  it  is  a  branch  of  study 
which  has  been  left  practically  untouched.  We  have, 
however,  many  records  of  the  rolouis  of  binaries,  and,  in 
default  of  direct  spectroscopic  observation,  they  may  be  of 
some  ssrvice.  Now  these  give  us  a  most  noteworthy 
result.  Where  the  two  components  of  a  binary  are  equal, 
or  nearly  so,  then  both  are  nearly  of  the  same  colour  like- 
wise. Where  one  is  much  smaller  than  the  other,  then  in 
tlie  great  majority  of  cases  the  larger  is  yellowish,  tlie 
smaller  blue.  The  blue  star  is  never  in  such  a  case  the 
larger.       Thus  Mr.  Lockyer    gives,    in    bis    "  Moteoritic 


Hypothesis,"  tables  of  120  binary  stars,  from  Mr.  Chambers' 
revised  "Bedford  Catalogue."  Of  these  120  stars,  the 
colours  of  the  companion  are  not  given  in  5  cases,  leaving 
115  to  work  with.  Of  the  115, -55  pairs  show  the  same 
colour — nearly  always  white  to  yellow^and  the  mean 
dift'crencc  in  brightness  is  less  than  one  magnitude,  and 
never  exceeds  two.  In  HO  cases,  the  principal  star  is  white 
to  yellow,  and  the  small  star  blue,  and  for  this  class  the 
mean  dilforcnce  of  brightness  is  two  magnitudes  ;  and  in 
21  other  cases  the  same  arrangement  of  colours  prevails, 
but  the  mean  difference  of  brightness  is  six  magnitudes. 
Five  pairs  only  show  the  large  star  white  or  yellow,  and 
the  small  star  red. 

The  natural  tendency  would  be  to  interpret  the  yellow 
stars  as  being  probably  of  the  Solar  Type,  as  many  of 
them  certainly  are,  and  the  blue  or  purple  stars  as 
strongly-marked  specimens  of  the  Sirian  Type.  Mr. 
Lockyer  does  so,  and  so  docs  M.  Eocques  in  a  recent 
paper  on  the  "Ago  and  Colour  of  Stars."  In  one  instance 
at  least  we  know  that  this  interpretation  is  a  correct  one, 
and  though  it  is  very  likely  that  some  of  these  small 
deeply-coloured  stars  have  spectra  of  a  type  as  yet 
unrecognised,  yet  the  assumption  that  many  are  Siriau  in 
character  is  an  extremely  probable  one. 

If  so,  four  independent  methods  result  in  showing  us 
the  Solar  stars  as  on  the  average  larger  than  the  Sirian. 
First,  the  Solar  stars  are  represented  in  a  higher  propor- 
tion amongst  the  third  and  fourth  magnitudes  than  amongst 
the  sixth  and  seventh.  Next,  amongst  stars  of  which  wo 
know  the  parallax,  the  Solar  stars  prove  to  have  the  highest 
total  light-giving  power.  Thirdly,  the  mean  mass  relative 
to  the  light-giving  power  is  much  greater  for  Solar  stars. 
And  now  we  seo  tliat  when  the  two  components  of  a  pair 
are  nearly  equal  tliey  agree  in  colour,  but  when  unequal, 
then  the  smaller  would  appear  to  be  of  the  Sirian,  the 
larger  of  the  Solar  Type. 

It  seems  to  me  that  this  curious  subordination  of  the 
blue  stars  in  binary  systems  points  to  the  principal  star 
having  amassed  to  itself  the  bulk  of  the  metallic  con- 
stituents of  the  nebula  from  which  the  system  sprang ;  or 
else,  if  we  adopt  the  idea  of  fission  recently  put  forward  by 
Herr  See,  that  the  smaller  body  when  thrown  off  consisted 
mainly  of  the  lighter  elements,  the  heavier  remaining  in 
the  principal  star.  In  other  words,  in  these  cases  spectral 
type  depends  upon  original  chemical  constitution,  and  not 
upon  the  stage  of  stellar  development  attained. 

A  further  circumstance  which  looks  in  the  same  direction 
is  the  marked  crowding  of  particular  types  in  special  regions. 
Prof.  Pickering  has  pointed  out  that  whilst  the  Second  and 
Third  Types  are  pretty  evenly  divided  between  the  Galactic 
and  non-Galactic  regions,  two-thirds  of  the  First  Type  stars 
are  foimd  in  the  Milky  Way,  whilst  the  Fourth  Type  stars 
notoriously  afl'ect  Birmingham's  "  Eed  Region,"  in  and 
near  Cygnus.  Then  again,  the  stars  with  spectra  re- 
sembling those  discovered  by  Wolf  and  Fiayet,  "//,  though 
they  are  33  in  number,  lie  within  10°  of  the  Galactic 
equator,  the  great  majority  within  2°.  The  Orion  stars — 
except  Botclgeuse^again  have  a  type  of  spectrum  of 
their  own,  scarcely  found  outside  the  limits  of  the  con- 
stellation. It  seems  only  natural  to  infer  that  these 
remarkable  instances  of  unequal  distribution  of  stars  of 
particular  types  are  due  not  to  the  prevalence  of  one 
particular  evolutionary  stage  in  certain  districts,  but  to  a 
similarity  in  actual  composition. 

Nevertheless,  it  will  not  do  to  entirely  discard  the  idea 
of  successive  stages,  as  evidenced  by  the  difl'erent  spectral 
types.  The  table  on  previous  page  shows  this.  If  type  had 
never  anything  to  do  with  age,  it  is  hard  to  see  why 
there  should  be  such  a  marked  superiority  in  mass-brigbt- 
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uess  of  Sirian  over  Solar  stars.  Tlien  again,  the  complete 
^'radation  observed,  not  a  shade  of  difference  missing,  from 
Sirius  down  to  stars  like  Mira  Ceti,  or  cc  Herculis,  is  a 
strong  argument  in  favour  of  an  historic  as  well  as  a 
chemical  interpretation  of  spectral  peculiarities.  But  I 
would  urge  that  this  supposed  course  of  evolution  need  not 
be  universall}'  operative,  it  is  not  necessary  that  every  star 
pass  through  every  stage.  It  is,  perhaps,  not  necessary 
that  any  one  star  passes  through  all.  lUit  just  as  we  may 
suppose  that  in  a  typical  star,  successive  conditions  of 
temperature  and  condensation  bring  up  into  the  "reversing 
layer "  at  one  epoch  hydrogen,  at  another  magnesium, 
at  a  third  the  substances,  whatsoever  they  be,  that  cause 
the  beautiful  bands  which  Mira  shows  ;  so  in  the  wider 
evolution  of  a  multiple  system,  or  wider  still,  of  the  entire 
Clalaxy,  certain  stars,  certain  districts  may  become  richer 
than  the  rest  in  this  or  that  element,  to  be  poorer  in 
others  ;  so  that  they  have,  as  it  were,  a  special  stage 
indelibly  imprinted  on  them.  Thus  they  may  present  the 
appearance  of  a  given  epoch  without  ever  having  passed 
through  the  one  theoretically  considered  as  preceding  it, 
and  witliout  the  possibility  of  their  ever  entering  on  the 
[ihase  sui)posed  to  be  the  next. 

To  sum  up.  The  Types  of  Btellar  Spectra  arc  not  to 
be  explained  along  one  line  only,  but  along  two ;  they  do 
not  always  denote  the  phases  attained  by  the  stars  in  their 
development ;  they  often  indicate  instead,  radical  differ- 
ences of  constitution.  LSut  when  they  have  the  first, 
the  historical  si,i,aiificauco,  the  Solar  usually  denotes  a 
later  epoch  than  the  Sirian  ;  possible  exceptions  being  seen 
in  the  cases  of  y  Leouis  and  Arcturus.  And  on  the  average 
the  Solar  stars  and  not  the  Sirian  are  the  brightest,  and 
have  the  greatest  masses,  though  they  are  inferior  to  the 
latter  as  to  relative  brightness  per  unit  of  mass. 


THE  ORIGIN  OF  THE  CHALK. 

Uy  John  T.  Kkmi',  M. A. Cantab. 

THE  origin  of  the  Chalk  is  a  question  which,  though 
it  has  been  long  under  discussion,  is  not  by  any 
means  satisfactorily  settled.  The  early  investi- 
gators were  much  puzzled  through  being  unable 
to  find  any  rock  at  all  resembling  it  in  process  of 
formation  at  the  present  time.  Its  extreme  freedom  from 
clayey  or  sandy  material  led  them  to  regard  it  as  a  deep- 
sea  deposit  ;  and,  hence,  upon  the  discovery  of  the  Grey 
Ooze  of  the  Atlantic  Ocean,  it  was  concluded,  somewhat 
hastily  perhaps,  that  it  must  be  the  missing  analogue. 
Some  writers  even  went  so  far  as  to  maintain  that  we  were 
still  living'  in  the  Chalk  age.  The  argument  was  supported 
not  only  by  tlie  occurrence  of  similar  species  of  foraminifera 
and  other  lowly  organisms  in  the  two  deposits,  but  by 
certain  resemblances  in  their  higlier  fauna.  Sponges 
which  abound  in  tlie  Ooze  are  closely  allied  to  the  siplio- 
nias  and  ventriculites  of  tlie  Chalk.  Echinodei-ms  arc 
conunon  in  botli.  l\c/iiiiothiiiiii,  a  genus  characterized  by 
the  possession  of  a  llexible  covering,  and  peculiar  to  the 
Cluilk,  hnds  its  nearest  living  representatives  in  the  deep- 
water  forms,  Axtlicniisdwii  and  I'liiiniiiisdiini.  A  species  of 
/;«/i/.r,  a  well-known  penus  of  fishes  from  the  Chalk,  has 
also  been  found  in  tlio  Ooze. 

That  the  Ciialk  was  not  formed  under  precisely  tlie  same 
conditions  as  the  Atlantic  Ooze  appears  now  to  be  (juite 
certain,  but  whether  the  dilfereneos  are  sulKcient  entirely 
to  upset  the  older  theory  is  still  a  matter  of  dispute. 

One  of  these  dilVerenccs  is  in  the  chemical  composition 
of  the  two  deposits.      Whereas  the   Chalk  is  composed  of 


*98  or  99  per  cent,  of  carbonate  of  lime  with  a  little  silica 
and  alumina,  the  Ooze  only  contains  from  44  to  80 
per  cent,  of  carbonate  of  lime,  with  .5  to  8  per  cent,  of 
silica,  and  from  H  to  88  per  cent,  of  alumina.  In  these 
analyses  it  niust,  however,  be  remembered  that  in  the  Ooze 
every  constituent  is  taken  into  account,  while  in  the  Chalk 
no  notice  is  taken  of  the  Hints  which  contain  the  greater 
part  of  the  silica.  Prof.  Prestwich  estimates  them  at 
from  4  to  (i  per  cent,  of  the  whole  mass.  The  dill'crenco 
in  the  average  amount  of  silica,  if  any,  is,  however,  so 
slight  that,  taken  by  itself,  it  does  not  militate  against  the 
similarity  as  to  ori,L,'in  of  the  two  deposits. 

The  high  proportion  of  alumina  in  the  Ooze,  as  compared 
with  the  Chalk,  presents  at  first  sight  a  greater  difficulty  to 
the  acceptance  of  the  older  theory.  Its  abundance  in  the 
former  deposit  is  undoubtedly  due  to  mechanical  causes, 
for  only  the  slightest  traces  of  it  are  present  in  solution  in 
sea-water,  and  it  is  never  secreted  by  living  organisms,  as 
silica  and  carbonate  of  lime  are.  This  difference  in  com- 
position is  nevertheless  compatible  with  close  similarity  of 
origin.  For,  supposing  that  other  appearances  all  pointed 
in  that  direction,  this  one  exception  might  easily  be  ex- 
plained on  several  hypotheses,  such  as  the  subsidence  of 
suspended  material  from  tlio  land  before  reaching  the  Chalk 
area  owing  to  great  distance  or  slowness  of  currents  ;  or 
secular  variations  in  the  amount  of  meteoric,  volcanic,  or 
other  kinds  of  dust  falling  upon  the  sea. 

It  is  when  we  come  to  exainiue  the  stratigraphy  of  th  ^ 
Chalk  more  carefully,  and  to  compare  its  fauna  more  closely 
with  the  fauna  of  the  Atlantic  Ooze,  that  we  find  the  most 
c5geut  reasons  for  doubting  their  likeness  of  origin. 

The  White  Chalk,  as  distinguished  from  other  Cretaceous 
deposits  of  the  same  age,  is  confined  to  an  area  stretch- 
ing from  Britain  and  Northern  France  throui,'h  Holland, 
Northern  Germany,  Southern  Sweden,  and  Southern  Russia 
to  the  Crimea  and  the  Ural  Mountains.  On  the  older 
rocks  around  this  region  beach-lines  have  been  discovei-ed 
at  various  levels,  while  throughout  the  Chalk  eroded  sur- 
faces are  frequently  met  with,  accompanied  by  changes  of 
life.  One  of  these  breaks,  or  unconformities,  occurs  at  the 
base  of  the  zone  I  of  Micinstcr  aii-hsiwUwiiiutii,  another 
separates  that  zone  from  the  zone  of  MiciasUr  cor- 
iDiiliiinuiii,  while  a  third  precedes  the  incoming  of  the 
Danian  stage.  There  are  also  various  otliers.  Tlie  near- 
ness of  the  coasts  and  the  frequency  with  which  the  sea- 
bed was  brought  within  the  sphere  of  denuding  action  by 
earth  movements  are  strongly  indicative  of  shallow  water. 

The  palffontological  evidence  on  the  whole  strongly 
confirms  this  view,  notwithstanding,  as  has  already  been 
stated,  some  apparently  adverse  facts. 

The  late  Dr.  Gwyn  Jeffries  finds  that  the  seventy-one 
genera  of  Mollusca  known  in  the  Chalk  are  all  forms 
whose  closest  existing  allies  inhabit  comparatively  shallow 
water,  while  the  genera  characterizing  the  Ooze  are  very 
rare  or  altogether  wanting  in  the  older  formation. 
Brachiopoda  and  Cephalopoda,  so  abundant  in  the  Chalk, 
have  been  shown  by  the  "Challenger"  dredgiugs  to  be 
very  uncommon  in  the  t)oze.  Although  Echinodermata 
arc  frequent,  they  are  (like  the  Mollusca)  mostly  of  small 
size,  and  but  distantly  related  to  the  Cretaceous  forms. 

Tlie  Atlantic  Ooze  is  evidently  of  exceedingly  slow 
growtli,  while  the  Chalk,  on  the  contrary,  appears,  from  the 


*  Tills  ii|i|ilio»  111  tin-  puri'  whili-  t'lialk  oiih  ;  thi-  (.'lialk  miH  roii- 
fciiins  a  much  larp-r  iiiTivatago  of  otIuT  iimttfi-. 

tTlic.so  "/.oiu's"  ari-  vrrtical  sub-ilivisions  of  tlicChalk  i-liai-.u-k-rizcd 
by  tin-  piv.si-uiT  uf  paHirular  .spcfii-s  of  fossils  whicli  aiv  i-arely,  if 
I'viT,  fnimil  ah  liinlu-r  or  lowi-r  lovfls.  Mivmster  is  a  g.-iius  of  si>a- 
un-liiii-. 
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state  in  which  many  of  its  remains  are  preserved,  to  have 
accumulated  with  considerable  rapidity.  Fishes  are  found 
with  their  scak's  undisturbed,  cidarids  with  their  spines 
in  situ  and  so  forth,  showing  that  they  were  entombed  in 
material  solid  enough  to  support  them  before  the  destruc- 
tion of  their  soft  parts  was  accomplished.  There  is  also 
reason  to  think,  from  the  absolutely  amorphous  state  of 
much  of  the  calcareous  matter,  that  some  of  it  was  of 
chemical  or  mechanical  origin ;  that  is,  it  is  either  a 
invcipitate  from  solution  or  else  detritus  from  pre-existing 
limestones.  Dr.  Sorby  considers  it  impossible  for  calcite 
shells  to  form  such  a  substance  by  their  destruction,  though 
aragonite  ones  may  do  so. 

Such  are  the  principal  arguments  which  have  been 
adduced  m  denial  of  the  theory  that  the  Chalk  was  an 
earlier  equivalent  of  the  Atlantic  Ooze.  If,  as  geologists 
are  becoming  more  inclined  to  hold  every  day,  that  theory 
is  untenable,  what  shall  we  put  in  its  place  ? 

According  to  Dr.  A.  R.  Wallace,  conditions  almost 
identical  with  those  under  which  the  Chalk  was  formed 
exist  at  the  present  time  in  the  northern  part  of  the  Gulf 
of  Mexico.  The  researches  of  Pourtales  show  that  the 
ocean  bed  is  there  covered  with  a  fine  white  mud,  closely 
resembling  Chalk  in  composition,  and  which  consists  chiefly 
of  the  impalpable  detritus  of  the  coral-reefs  which  fringe 
the  numerous  islands,  together  with  the  skeletons  of  the 
foraminifera  abounding  in  the  warm  waters  of  the  region. 
Coral-reefs  exist  in  the  Chalk  of  Maastricht  and  Faroe, 
but  with  these  exceptions  they  are  almost  unknown  in  the 
formation. 

Prof.  Prestwich  also  discusses  the  subject  at  considerable 
length  in  his  "  Geology."  He  thinks  that  much  further 
investigation  will  be  required  in  order  to  set  the  question 
at  rest.  In  the  meantime,  he  is  of  opinion  that  the  Chalk 
was  formed  under  conditions  which  have  passed  away,  or 
at  any  rate  are  nowhere  exactly  realised  at  the  present 
time.  The  stratigraphy  indicates  that  it  was  deposited  in 
a  nearly  enclosed  sea  of  no  great  depth.  The  rivers 
flowing  into  this  sea  brought  down  a  very  exceptional 
amount  of  soluble  silica,  though  not  so  much  as  in  some- 
what earlier  times  :  some  of  the  Upper  Green-sand  beds 
contain  as  much  as  72  per  cent.  In  the  presence  of  solid 
silica  (of  which  sponge  spicules,  Ac,  are  made)  or  of  organic 
matter,  this  substance  was  precipitated,  and  formed  the 
flints  which  so  often  enclose  remains  of  sponges,  or  occupy 
the  tests  of  echinoderms. 


WHAT  IS  THE  CAUSE  OF  VOLCANIC  ACTION? 

By  Kev.  H.  N.  Hutchinson,  B.A.,  F.G.S. 

IN  our  previous  paper  we  endeavoured  to  explain  the 
structure  of  a  Volcano,  and  described  briefly  the 
chief  phenomena  of  an  eruption.  "  Is  it  possible," 
the  reader  may  ask,  "  to  form  any  conclusions  as  to 
how  volcanic  eruptions  are  brought  about  ?  " — in 
other  words,  to  find  out  what  is  going  on  underneath,  and 
so  to  obtain  some  idea  of  the  cause  or  causes  of  these 
strange  manifestations  of  subterranean  activity.  It  must 
be  confessed  at  once  that,  in  the  present  state  of  scientific 
knowledge,  no  full  and  complete  explanation  is  possible. 
Geologists  and  others  are  as  yet  but  feeling  their  way 
cautiously  towards  the  light  which,  perhaps  before  long, 
will  illumine  the  dark  recesses  of  this  mysterious  subject  ; 
but  nevertheless,  since  volcanic  action  was  first  carefully 
studied  by  Mr.  Scrope,  Sir  Charles  Lyell,  and  others,  such 
valuable  material  has  been  collected,  that  we  are  getting 
much  nearer  to  a  true  theory  now  that  the  ground  has 


been  somewhat  cleared.  Others,  among  living  geologists, 
have  carried  on  researches  of  very  great  value,  and  so  have 
thrown  valuable  light  on  the  subject.  It  will,  perhaps, 
hardly  be  necessary  to  point  out  that  the  main  difficulty  is 
our  ignorance  of  the  interior  of  the  earth.  If  wo  could 
penetrate  subterranean  regions  to  a  sufficient  depth,  and 
find  out  the  physical  conditions  prevailing  far  below  the 
surface,  there  would  be  little  difficulty  in  finding  out  how 
Volcanos  are  worked.  But  since  direct  knowledge  is 
impossible,  the  problem  must  be  attacked  indirectly.  We 
are  somewhat  in  the  position  of  a  medical  man  diagnosing 
a  difficult  case ;  only  medical  science  has  the  great 
advantage  of  knowing  accurately  the  internal  structure  of 
the  human  body.  The  earth,  unfortimately.  is  a  body  the 
internal  anatomy  of  which  is  unknown.  Of  its  epidermis, 
or  skin,  we  have  learned  a  good  deal,  but  beyond  that  all 
is  speculation.  Looking  upon  volcanic  action  as  a  curious 
disease  from  which  our  patient  the  world  occasionally 
suffers,  it  may  not  be  unprofitable  to  see  if  some  rough 
sort  of  diagnosis  of  the  case  is  possible. 

For  this  purpose  it  will  be  necessary  to  consider  volcanic 
action  a  little  more  generally.  We  must  not  confine  our 
attention  to  any  one  outbreak  of  the  disease,  or  to  any  one 
Volcano,  but  look  at  the  subject  as  a  whole,  putting  our- 
selves, as  it  were,  in  the  position  of  the  physician  who 
judges  of  any  one  "case"  from  the  experience  he  has 
derived  from  the  study  of  a  great  many  "  cases." 

Now  the  first  thing  to  remark  is  that  volcanic  action 
goes  through  phases,  of  which  there  are  three.  First, 
there  is  the  state  of  permanent  eruption — this  is  not  a 
dangerous  state,  because  the  steam  keeps  escaping  all  the 
time  the  safety-valve  is  working,  and  all  goes  on  smoothly. 
The  second  state  is  one  of  moderate  activity,  with  more 
or  less  violent  eruptions  at  brief  intervals — this  is  rather 
dangerous ;  the  safety-valve  is  at  times  jammed.  And 
thirdly,  we  have  paroxysms  of  intense  energy  alternating 
with  long  periods  of  repose,  sometimes  lasting  for  centuries. 
These  eruptions  are  extremely  violent  and  cause  widespread 
destruction  ;  the  safety-valve  has  got  jammed  and  so  the 
boiler  bursts.  No  Volcano  has  been  so  carefully  watched 
for  a  long  time  as  Vesu\'ius.  Its  history  illustrates  the 
phases  we  have  just  mentioned.  The  first  recorded  erup- 
tion is  that  of  A.D.  7S,  a  very  severe  one  of  the  paroxysmal 
type,  by  which  the  towns  of  Hereulaueum,  Pompeii,  and 
8tabi»  were  buried  up.  We  have  an  interesting  account 
by  the  younger  Pliny,  whose  uncle  lost  his  life  through 
remaining  too  near  the  scene  of  action,  partly  for  the  sake 
of  rescuing  those  in  danger  and  partly  because  he  wished 
to  observe  the  strange  phenomenon.  Before  this  great 
eruption  took  place  Vesuvius  had  been  in  a  quiescent  state 
for  800  years,  and  if  we  may  judge  from  Greek  and  Iloman 
writings  was  not  even  suspected  of  latent  possibilities  in 
the  way  of  volcanic  eruptions.  Then  followed  an  interval 
of  rest  till  the  reign  of  Severus,  the  second  eruption  taking 
place  in  the  year  203.  In  the  year  472,  says  Procopinus, 
all  Europe  was  covered,  more  or  less,  with  volcanic  ashes. 
Other  eruptions  followed  at  intervals,  but  there  was  com- 
plete repose  for  two  centuries,  i.e.  until  the  year  1306.  In 
1500  it  was  again  active,  then  quiet  again  for  130  years. 
In  1631  there  came  another  paroxysmal  outburst.  After 
this  many  eruptions  followed,  and  they  have  been  frequent 
ever  since.  Vesuvius  is,  therefore,  now  in  the  second  stage 
of  moderate  activity. 

But  geologists  can  take  a  wider  view  of  Volcanos  than 
this  ;  their  researches  into  the  volcanic  action  of  remote 
geological  periods  have  yielded  important  results,  which 
may  be  briefly  indicated  here.  They  can  sum  up  the 
history  of  a  volcanic  region,  and  the  result  seems  to  be 
somewhat  as  follows : — There  is  a  regular  cycle  of  changes ; 
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the  invasion  of  any  particular  area  of  the  earth's  surface  by 
the  volcanic  forces  is  heralded  by  subterranean  shocks 
causing  earthquakes.  A  little  later  on,  fissures  are  formed, 
as  indicated  by  the  rise  of  saline  and  thermal  springs,  and 
the  issuing  of  carbonic  acid  and  other  gases  at  the  surface 
of  the  earth.  As  the  subterranean  activity  becomes  more 
marked,  the  temperature  of  the  springs  and  emitted  gases 
increases,  and  at  last  a  visible  rent  is  formed,  exposing 
highly  heated  and  incandescent  rocky  matter  below.  From 
the  fissure  thus  formed,  the  gas  and  vapours  imprisoned  in 
the  incandescent  rocks  escape  with  such  violence  as  to  dis- 
perse the  latter  in  the  form  of  scoriie  and  volcanic  ash,  or 
to  cause  them  to  pour  out  in  streams  or  lava  flows.  The 
action  generally  becomes  concentrated  at  one  or  several 
points  along  the  line  of  action — that  is,  the  line  of  fissure 
and  dislocation.  In  this  way,  a  chain  of  Volcanos  is 
formed,  which  may  become  the  seats  of  volcanic  action  for 
a  long  time.  When  the  volcanic  energies  are  no  longer 
able  to  raise  up  the  fluid  materials  so  that  they  shall  flow 
out  of  the  cones  which  have  been  built  up,  nor  to  rend 
their  sides  and  form  parasitic  cones,  fissures  with  small 
cones  may  be  formed  in  the  plains  around  the  great 
central  Volcanos.  Later  on,  as  the  heated  rocky  matter 
below  cools  down,  the  fissures  become  sealed  up  by  con- 
solidating lava,  and  the  Volcanos  fall  into  a  condition  of 
quiescence,  after  which  they  begin  to  suffer  from  the 
effects  of  exposure  to  the  atmospheric  agencies  of  decay, 
and  thus  become  more  or  less  worn  away  or  "  denuded." 
But  still  the  existence  of  heated  rocky  matter  at  no  great 
depth  below  is  indicated  by  outbursts  of  gases  and  vapours, 
the  formation  of  geysers,  mud-volcanoes  and  ordinary 
thermal  springs  ;  gradually,  however,  even  these  manifesta- 
tions become  more  feeble,  and  thus  all  v-isible  signs  of 
volcanic  energy  die  away  in  the  district.  Such  a  cycle  of 
changes  may  require  millions  of  years,  but  by  the  study  of 
Volcanos  in  every  stage  of  their  growth  and  decline,  it  is 
possible  to  reconstruct  this  outline  of  their  life  history. 

That  Volcanos  are  built  up  along  lines  of  fissure  in  the 
earth's  crust  does  not  admit  of  any  doubt.  The  present 
distribution  of  Volcanos  over  the  earth  is  a  striking  proof 
of  this,  and,  moreover,  we  have  further  evidence  derived 
from  the  study  of  old  volcanic  areas,  which  have  been,  as 
it  were,  dissected  and  so  brought  to  light  by  long-continued 
erosion  or  denudation.  Let  us  look  a  little  more  closely  at 
the  present  distribution  of  Volcanos  on  the  earth's  surface, 
for  it  reveals  some  interesting  facts  which  nnist  be  borne 
in  mind  in  forming  any  conclusions  with  regard  to  the 
possible  cause  of  volcanic  action.  One  rule  wo  have 
already  observed,  viz.,  that  Volcanos  arc  mostly  distributed 
along  lines.  Secondly,  they  seem  to  follow  or  coincide 
with  great  mountain  chains,  such  as  the  Andes,  Eocky 
Mountains,  or  the  ranges  of  C!entral  America.  Thirdly, 
there  is  some  kind  of  connection  between  Volcanos  and 
tiie  coast  lines  of  continents.  Fourthly,  they  are  always 
near  some  liody  of  water  (j.c,  when  in  the  active  stage). 
Fifthly,  they  are  situated  in  regions  of  the  earth  which  are 
undergoing  slow  H])huaval,  and  are  absent  from  regions 
where  subsidence  is  taking  place. 

In  framing  any  conclusions  with  regard  to  the  problem 
under  consideration,  we  must  renu-niber  that  volcanic  action 
depends  mainly  on  two  things — (1)  a  high  temperature 
below  the  region  of  activity,  (ii)  the  presence  of  steam  at 
a  high  pressure. 

Superheated  steam  evidently  plays  a  very  important 
part,  and  the  force  which  raises  masses  of  molten  lava 
to  the  surface  may  be  that  due  to  the  expansive  power  of 
steam.  Volcanic  eruptions,  then,  are  essentially  gigantic 
explosions,  such  as  are  faintly  imitated  in  the  bursting  of 
steam  boilers.      This  is  good  as  far  as    it    goes,  but  we 


cannot  take  it  as  an  explanation  of  volcanic  action ;  for  we 
require  to  know  the  source  of  the  steam,  and  of  the  lava, 
as  well  as  the  reason  for  the  high  temperature  necessary 
for  the  production  of  both.  Where  does  the  heat  come 
from  ?  and  what  is  the  source  of  so  much  steam  ?  Sir 
Humphry  Davy,  discoverer  of  the  metals  of  the  alkalies 
and  alkaline  earths  at  the  commencement  of  the  present 
century,  showed  that  the  metals  potassium  and  sodium 
when  touched  by  water  develop  a  great  deal  of  heat ;  in 
fact  they  burn  on  water,  decomposing  it  and  uniting  with 
the  oxygen.  This  led  him  to  throw  out  the  idea  that  if 
pure  metals  exist  far  down  in  the  earth's  interior,  the 
access  of  water  and  air  might  give  rise  by  oxidation  to  a 
large  amount  of  heat,  sufficient  in  fact  to  produce  volcanic 
phenomena.  But  later  on  he  confessed  that  this  chemical 
theory  of  Volcanos  was  unsatisfactory.  If  it  were  true, 
enormous  quantities  of  hydrogen  gas  would  necessarily  be 
emitted  during  volcanic  action,  but  this  is  not  the  case. 

It  will  readily  be  perceived  that  all  explanations  of 
volcanic  action  resolve  themselves  finally  into  the  question 
of  the  condition  of  the  earth's  interior,  with  regard  to 
which  we  can  at  present  only  speculate  ;  hence  the  absence 
of  any  complete  and  consistent  explanation  of  the  volcanic 
problem. 

Certain  facts  undoubtedly  tend  to  establish  the  idea, 
once  firmly  maintained,  that  the  whole  of  the  earth's 
interior  is  in  a  highly  heated  state,  but  they  do  not  prove 
it.  The  well-known  increase  of  temperature  as  we  descend 
mines,  which  is  about  1'^  F.  for  every  50  or  GO  feet,  is 
not  sufficient  proof,  for  the  nitc  af  incnu.sc  does  not  seem 
to  be  maintained  as  we  descend  to  the  greatest  depths, 
and  it  is  possible  that  the  centre  may  be  cold."  Still, 
astronomers  tell  us  that  the  earth  has  been  for  ages  a 
cooling  globe,  so  that  it  would  seem  natural  to  suppose 
that  there  are  still  vast  stores  of  heat  within  ;  but  they 
may  be  more  or  less  local. 

It  has  even  been  argued,  at  one  time,  that  the  whole 
interior  of  the  earth  is  in  a  molten  condition,  with  only  a 
thin  crust  of  solid  matter  forming  a  kind  of  shell  or  outer 


*  It  is  conocivablo,  though  it  is  not  probal)lt',  thiit  tlic  central 
portions  might  not  l)e  wanner  tlian  the  regions  which  liave  been 
already  explored;  but  it  is  impossible  that,  after  the  lapse  of  ages, 
they  should  remain  cooler  than  the  exterior  layers.  The  sun  was 
formerly  supposed  by  Bode,  Sir  .lolin  Iferseliel,  and  other  distin- 
guished astronomers  to  be  a  cool  body  surrounded  by  two 
atmospheres,  the  inner  one  a  partially  opaque  lieal-ahsorbini 
atmosphere,  an<l  the  outer  phofuxphere  :i  l»rilliant  lu'at-ixi\  ing 
atn\osphere.  If  it  had  not  been  for  th<"  great  di'sirc  whii'h  n\ankind 
has  always  had  to  suppo.se  that  other  boilies  are  inhabited  by  beings 
similar  to  ourselves,  such  an  iih-ii  wouhl  prolialily  ne\er  have  been 
entertained.  Sir  Isaac  Newton  considered  and  rejected  the  theory 
lliat  tin'  sun  might-lnivc  a  cool  boily  and  yet  be  sumiun(hHl  by  a  hot 
atmospliere.  Hut  his  reasv)ns  weri*  ordy  giviMi  in  a  U'tter,  and  wer«^ 
probably  not  gencnilly  known  till  tlie  midille  of  this  century.  Tliey 
are  so  elearlv  cx|in'ssc"d  that  Ibev  could  not  fail  to  have  c.mviuced  any 
intelligent  thinker.  Tlic  l.-tteroi'  Sir  Isaac  Newton  1  refer  to  was  pub- 
lished by  Sir  David  Brewster  in  Ills  Life  of  Newton,  Vol.  11..  p. -t-V..  Sir 
Isaac  says,  "  Thougli  llie  inward  jiart  of  the  sun  were  an  earthy  sross 
substance,  yet  if  tlic  Hipiidsliiniug  substance  .Mr.  l'"him.steeil  su])poses  to 
swim  npon  it  be  I  lien  hot.  it  will  beat  the  matter  within  it  as  certainly 
as  nielteil  lead  woidil  heal  an  iron  buUet  inunersed  in  it.  Nor  is  it 
material  whether  the  lii|uid  matter  on  the  sini  be  of  any  considerable 
thickness.  An  iron  buUet  woidd  licat  as  fast  in  a  quart  as  in  an 
ocean  of  melted  lead.  Ibis  dinVrence  only  I'xcepted,  that  the  bullet 
would  cool  a  small  (|uantily  of  lead  more  than  a  givat  one.  If,  then, 
the  liquid  matter  swimming  on  the  sun  be  but  so  thick  as  not  to  bo 
ci)ole<l  by  the  central  (as  it  must  be),  it  will  certainly  heat  the  central 
parts,  for  it  imjxirts  heat  to  the  contiguous  parts  as  fast  as  if  it  were 
thicker,  by  which  means  the  central  )«irts  must  become  as  hot  a.s  if 
the  hot  fluid  matter  surrouiuling  it  equalled  the  whole  vortex.  The 
whole  body  of  the  suti,  therefore,  must  be  red  hot,  and  consequently 
void  of  magnetism,  uidess  we  suiqiose  its  uiagnetisra  of  another  kind 
from  anv  we  have."     A.  C.  R.^NY.MiB. 
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coating ;  but  this  doctrine  of  a  tbin  crust  bas  been  aban- 
doned on  account  of  strong  e\'idence  telling  against  it.  It 
is  quite  possible  for  tbo  eartb's  interior  to  be  bigbly  heated 
and  yet  to  remain  in  tbo  solid  state.  The  enormous  pres- 
sure to  wliicli  rocks  lying  below  the  earth's  crust  (a  word 
still  retained  for  convenience  sake  by  geologists,  but  with- 
out at  all  iiiiiilying  a  fluid  state  below)  must  be  subjected 
may  be  quite  sufKcient  to  prevent  their  fusion,  for  pressure 
probably  retards  the  melting  of  solid  bodies  as  it  does  the 
converting  into  vapour  of  liquids.  Hir  'William  Thomson 
proved  that  if  any  large  portion  of  the  earth  were  liquid, 
or  viscid,  or  even  as  elastic  as  a  sphere  of  steel,  it  would 
rise  and  fall  as  the  ocean  does  under  the  influence  of  the 
sun  and  moon,  and  thus  produce  tides  which  would  con- 
siderably interfere  with  the  tide  of  the  ocean  as  we  now 
observe  it  ;  for  it  is  clear  that,  if  the  land  rose  and  fell  at 
the  same  time  as  the  ocean,  the  one  would  obscure  the 
other.  There  is,  possibly,  a  slight  tide  in  the  earth,  but 
only  such  as  would  be  caused  in  a  very  non-elastic  body ; 
whereas  with  a  fluid  interior  the  crust  would  rise  up  and 
down  considerably,  and  would  partly  hide  or  very  consider- 
ably interfere  with  the  tide  we  perceive  in  the  ocean. 
Some  geologists  maintani  that  there  may  be  a  great  solid 
nucleus,  with  a  thin  liquid  layer  over  it,  and  a  solid  outer 
layer  or  crust ;  but  there  are  some  difficulties  in  the  way 
of  this  theory  which  cannot  be  considered  here. 

Let  us  assume,  however,  that  the  lower  regions  of  the 
earth  are  in  a  highly  heated  state.  Calculating  from  the 
observed  rate  of  increase  of  temperature  on  descending,  it 
is  concluded  that  at  a  depth  of  50  miles  below  the  surface 
there  may  be  a  temperature  of  2000°  C— sufficient  to  melt 
even  platinum  (at  the  surface) ;  and,  further,  let  us  sup- 
pose such  a  temperature  to  be  due  to  the  earth  having  once 
been  in  a  molten  condition  (according  to  the  nebular 
theory).  We  have  got,  then,  our  source  of  heat ;  let  us 
see  what  use  we  can  make  of  it.  Some  geologists  would 
explain  volcanic  manifestations  in  this  way.  Vast  quan- 
tities of  sedimentary  matter  slowly  accumulate  on  the 
floors  of  seas,  in  time  forming  great  deposits  of  stratified 
rock,  thousands  of  feet  thick  ;  as  the  materials  accumulate 
the  bed  of  the  sea  slowly  sinks  under  the  weight  of  all  this 
material.  The  accumulation  of  so  much  rocky  matter 
checks  the  flow  of  the  earth's  heat,  and  so  raises  the 
temperature  of  that  region,  thus  acting  as  a  bandage 
does  on  the  human  body.  Such  sedimentary  deposits 
necessarily  contain  much  water  —  probably  as  much 
as  from  5  to  20  per  cent,  of  their  mass.  As  the 
strata  sink,  and  as  the  earth's  heat  rises  up  to  them, 
their  imprisoned  water  may  be  raised  to  a  temperature  far 
above  its  ordinary  boiling  point.  Streams  of  molten  rock 
penetrate  thek  mass,  and  generate  more  steam,  or  at  least 
highly  heated  water,  and  in  this  way.  possibly  a  large 
aniouMt  of  the  sedimentary  material  nnght  be  nielted  into 
lava,  and  such  lava,  with  its  occluded  steam,  would  be  sure  | 
to  find  its  way  up  through  any  lines  of  weakness  in  the 
overlying  rocks  (such  as  fissures,  faults,  &c.),  and  on 
reaching  the  surface  would  give  rise  to  volcanic  action. 
There  is  a  good  deal  to  be  said  in  favour  of  this  explanation,  ! 
for  it  accounts  for  the  steam  which  plays  so  important  a  ', 
part.  But  it  leaves  out  of  sight  some  other  aspects  of  the  ', 
question.  Others  aecoimted  for  the  steam  by  the  observed 
proximity  of  active  Volcanos  to  bodies  of  "water.  They  ' 
argued  that  the  water  penetrating  by  infiltration  through 
the  floor  of  the  sea,  found  its  way  to  highly  heated 
masses  of  rock,  and  was  converted  into  steam,  which 
would  find  its  way  up  through  any  fissures  which  the 
stratified  rocks  above  might  contain.  This  theory  seems 
to  harmonize  well  with  some  of  the  facts,  but  after  what 
bas  been  said  it  will  not  be  necessary  to  go  out  of  our  way 


to  account  for  the  presence  of  the  steam.  Some  geologists 
are  inclined  to  believe  that  here  and  there,  below  the 
earth's  sin-faee,  there  may  be  local  reservoirs  of  still 
molten  matter,  and  that  these  are  the  supplies  from  which 
the  lava  flows  come,  but  this  idea  fails  to  account  for  the 
association  of  \'olcanos  with  nuiuniain  chains,  and  with 
seas,  as  well  as  other  imixirtant  facts.  A  much  more 
promising  explanation  is  that  there  are  below  the  crust  of 
the  earth  large  masses  of  highly  heated  rock,  h/it  solid  by 
the  enormous  pressure  of  overlying  rocks  ;  but  that  when 
earth-movements  taking  place  within  the  crust,  such  as 
the  upheaving  of  mountain  chains,  take  ofi'  some  of  the 
weight,  the  balance  of  pressure  is  no  longer  maintained, 
and  so  these  highly  heated  rock  masses  run  off  into  the 
liquid  state,  and  find  their  way  to  the  surface,  producing 
volcanic  action.  There  is  much  to  be  said  in  favour  of 
this  view.  It  rightly  connects  volcanic  action  with  move- 
ments of  upheaval,  with  mountain  chains,  and  lines  of 
weakness  in  the  earth's  crust. 

Now,  the  rocks  in  mountain  chains  arc  found  to  have 
suffered  considerably  from  the  eft'ects  of  heat  and  pressure, 
and  are  seen  to  be  considerably  altered  from  their  original 
state.  Shales  and  sandstones  have  been  converted  into 
slates  and  quartzites,  or  even  into  schists  and  gneiss,  and 
in  some  eases  into  granite;  so  that  metamorphism,  as  it  is 
called,  seems  to  be  closely  connected  with  the  upheaval  of 
mountain  chains,  the  crumpling  and  folding  of  rocks, 
which  is  very  conspicuous  in  mountains,  and  with  outbursts 
of  volcanic  energy. 

The  late  Mr.  Louis  Mallet  put  forward  a  very  ingenious 
speculation  which  seemed  to  explain  all  those  coincidence.s. 
He  endeavoured  to  show  that  the  earth's  supposed  internal 
heat  might  be  dispensed  with  altogether,  and  that  the 
earth-movements  themselves  would  be  able  to  produce  all 
the  heat  required  for  volcanic  action.  Friction,  we  know, 
produces  heat,  and  he  argued  that  the  enormous  friction 
involved  in  the  crumpling,  crushing,  folding,  and  displacing 
of  large  masses  of  rock  would  be  sufficient  to  bring  about 
the  melting  of  portions  here  and  there,  and  that  volcanic 
action  would  follow  wherever  these  reached  the  surface. 
The  theory  has  attracted  much  attention,  and  was  very  ably 
worked  out  ;  but  his  experiments  on  the  amount  of  heat 
developed  by  the  crushing  of  small  portions  of  rock  were 
not  quite  satisfactory.  That  some  amount  of  meta- 
morphism is  due  to  the  heat  produced  by  friction,  and  the 
crushing  of  rock  during  earth-movements  may  be  readily 
granted,  but  it  would  be  rash  to  assume  more  than  this. 
We  do  not  yet  know  at  what  rate  these  Titanic  forces  of 
mountain  building  work,  and  so  any  speculations  as  to  the 
temperatures  developed  by  friction  must  be  rather  vague. 
The  theory,  however,  did  good  service  in  attempting  to 
explain  the  close  connection  between  phenomena  which 
had  previously  been  looked  upon  as  in  no  way  connected 
with  each  other.  Its  simplicity  and  comprehensiveness 
were  much  in  its  favour. 

But  it  seems  like  going  out  of  our  way  to  find  a  source 
of  heat.  If  the  eartli  is  still  a  cooling  body,  wc  have  only 
to  fall  back  upon  its  own  supply  of  heat,  and  to  suppose 
that  somewhere  not  very  far  below  the  rocks  forming  its 
surface  there  is  a  zone  of  highly  heated  rock,  possibly  in  a 
viscous  state  owing  to  pressure.  As  the  earth  slowly 
loses  heat,  contraction  of  the  outer  shell  follows,  and  this 
must  involve  tangential  strains  and  upheaving  along  certain 
lines,  because  it  has  to  settle  down  on  to  a  smaller  surface. 
Thus  continents  are  slowly  raised,  and  mountain  chains 
upheaved.  These  movements  cause  changes  in  pressure, 
and  we  can  readily  conceive  that  a  change  of  pressure  may 
bring  about  the  displacement  and  wedging  up  of  matter 
from  below,  which  gets  more  and  more  fluid  as  it  ascends 
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to  regions  where  the  pressure  is  less,  until,  on  reaching  the 
surface,  it  runs  out  as  lava,  and  allows  its  occluded  steam 
freely  to  escape. 


ASTRONOMY   AS   TAUGHT   BY   ACADEMY 
PICTURES. 


M 


.  EYUE  C'llOWE'S  picture  in  tliis  year's  lioyal 
Academy  I'jxhibition,  representing  Jeremiah 
Horroeks  arriving  in  haste  from  his  clerical 
duties  to  find  Venus  on  the  Sun,  is  one  of  those 
useful  pictures  which  draw  attention  to  a  great 
mail  who  has  not  been  sufficiently  known  and  appreciated, 
and  I  therefore  criticize  it  in  no  carping  spirit.  The  picture 
has  already  caught  the  public  taste,  and  reproductions  of  it 
have  appeared  in  several  illustrated  papers.  I  am  no  ad- 
vocate of  too  close  astronomical  criticism  of  a  picture 
which  is  not  intended  to  teach  Astronomy,  but  in  this  case 
Mr.  Eyre  Crowe  evidently  does  intend  to  present  an  object 
lesson  in  astronomy,  and  he  should  either  have  devoted  more 
time  to  Horroeks'  own  account  of  his  observation,  or  he 
should  have  called  at  the  Astronomical  Society  and  applied 
to  the  obliging  Librarian  for  advice  as  to  whom  to  look  to 
for  help. 

Mr.  Eyre  Crowe  has  drawn  Venus  far  too  small,  and 
the  beam  of  light  should  not  fill  the  eyepiece  of  the  tele- 
scope. There  is  no  authority  for  the  curious  I'Juuatorial 
mounting  which  he  has  drawn,  or  for  the  attachment  of  the 
sun-screen  to  the  instrument  by  a  rod  ;  in  fact,  we  know 
that  such  a  mounting  could  nut  have  been  used.  Horroeks 
had  been  examining  the  Sun  all  day ,  and  through  his  narrow 
windows  he  could  not  have  followed  the  Sun  with  such  an 
instrument  for  more  than  half  an  hour  at  most.  He 
would  continually  have  been  obliged  tu  move  and  readjust 
the  position  of  the  I'olar  axis  of  his  stand,  a  loss  of  time 
and  opportunity  which  the  ingenious  Horroeks  would 
never  have  risked.  It  is  evident  that  the  telescope  was 
attached  to  the  shutter,  or  was  on  a  stand  immediately 
behind  a  bole  in  the  shutter.  In  the  IV/jh.v  in  Salf  i'ina, 
in  which  H(jrrocks  gives  an  account  of  his  observation,  he 
says :  "  When  the  time  of  observation  approached,  I 
retired  to  my  apartment,  and  having  closed  the  windows 
against  the  Hght,  I  directed  my  telescope — previously  ad- 
justed to  a  focus — through  the  aperture  towards  the  Sun, 
and  received  his  rays  at  right  angles  upon  the  paper  already 
mentioned." 

This  paper  bad  upon  it  a  six  inch  circle,  carefully  divided 
into  degrees,  and  a  divided  scale,  which  enabled  him  to 
measure  the  diameter  of  the  body  of  Venus,  and  the  distance 
of  the  planet  from  the  Sun's  limb.     Horroeks  goes  on  : 

"  The  Sun's  image  exactly  filled  the  circle,  and  I  watched 
carefully  and  unceasingly  for  any  dark  body  which  might 
enter  on  the  disc  of  light.  .  .  .  Anxiously  intent,  therefore, 
on  the  undertaking,  through  the  greater  part  of  the  2ard, 
and  the  whole  of  the  21th,  I  omitted  no  available  oppor- 
tunity of  observing  her  ingress.  I  watched  carefully  on 
the  21th  from  sunrise  to  nine  o'clock,  and  from  a  little 
before  ten  until  noon,  and  at  one  in  the  afternoon,  being 
called  away  in  the  intervals  by  business  of  the  highest 
importance,  which,  for  these  ornamental  pursuits,  I  could 
not  with  propriety  neglect." 

The  place  of  \'enus  upon  the  Sun's  disc  is  not  ipiite  low 
enough  on  the  right-hand  limb  in  Mr.  Crowe's  picture. 
Horroeks  says  that  it  was  about  "  ()2°  HO'."  certainly 
between  (iO°and  (i") '  from  the  top  of  the'  Sim's  disc  towards 
the  right.  The  black  disc  reinesenting  \'enus  should  be 
larger;  Horroeks  estimated  it  to  be  about  a  (piarter  of  an 
inch   in   dianu'ter   or  a   little    more,   for    lie  thout;ht  that 


Venus  was  more  than  1'  12"  and  less  than  1'  30 '  in 
diameter.  The  size  of  the  telescope  drawn  by  Mr.  Crowe 
seems  to  be  about  right.  The  tube  was  evidently  home- 
made. Horroeks  says  that  he  gave  2s.  6d.  for  the  object 
glass.  It  is  evident  fi'om  the  description  of  his  observa- 
tion, thit  Horroeks  used  what  was  then  known  as  the 
(ialilean  form  of  telescope,  that  is,  it  had  a  negative  and 
not  a  positive  eyepiece,  so  that  Mr.  Crowe  is  right  in 
drawing  the  emergent  rays  of  light  as  not  crossing  after 
they  issued  from  the  eyepiece  ;  but  they  should  issue  in  a 
narrower  cone ;  about  a  third  of  an  inch  in  diameter  near 
to  the  eyepiece.  One  cannot  speak  more  accurately  without 
Imowing  the  negative  focus  of  the  lens  used  for  an  eyepiece. 

Mr.  Crowe  should,  I  think,  have  drawn  Horroeks  in  a 
full  cassock,  as  he  is  returning  from  service ;  at  this  date 
the  clergy  wore  them  at  all  times.  The  face  seems  to  me 
to  be  rather  old  for  a  man  who  could  not  have  been  more 
than  22.  As  to  the  age  of  Horroeks,  see  a  paper  in  the 
Astronnwiral  lici/istcr  for  December,  187-1. 

It  is  e\'ident  that  Horroeks  could  not  have  entered  the 
room  and  found  the  Sun  upon  his  screen  and  Venus  on  its 
disc,  for  he  had  no  clockwork  to  drive  his  telescope.  He 
must  have  entered  the  darkened  room,  found  the  Sun, 
and  carried  his  screen  to  the  distance  where  the  Sun's 
image  would  fill  his  divided  circle.  The  picture  would  be 
more  accurate  as  depicting  Horroeks'  friend  Crahtree  than 
Horroeks  himself.  For  Crahtree  did  not  measiu'e  the 
diameter  of  Venus  and  its  place  upon  the  Sun's  disc,  a 
task  to  which  Horroeks,  in  spite  of  his  excitement,  set 
himself  at  once,  and  succeeded  admirably.  All  interested  in 
spreading  an  interest  in  Astronomy  must,  however,  be 
thankful  to  Mr.  Crowe,  and  I  hope  that  he  will  have 
many  imitators  who  wiU  dare  to  run  the  gauntlet  of 
criticism.  A.  C.  Ranyaiu). 


THE  TRAVELS  AND  LIFE-HISTORY  OF  A 
FUNGUS. 

By  J.  Pentland  Smith,   M.A.,    B.Sc,    kc,    Lecturer  on 
Botany,  Horticultural  College,  Swanley. 

WERE  one  to  put  the  question  "  What  is  a 
fungus?"  to  a  non-botanical  oliserver,  he 
would  probably  receive  for  an  answer  "  A 
nnishroom  is  a  fungus,"  getting  an  example 
of  the  group  instead  of  a  definition. 
A  mushroom  is  a  fungus,  and  a  readily  observed  member 
of  the  group ;  but  the  botanical  tyro  (piickly  learns  that 
this  plant  cannot  afford  Imn  a  typical  example  of  the 
life-history  of  fungi,  and  that  all  do  not  make  themselves  so 
evident  to  the  sight  as  this  pai'ticular  fungus  ;  in  fact,  he 
would  soon  perceive  that  the  air  is  loaded  with  the  spores 
or  reproductive  cells  of  fungi  which  are  ready  to  germinate 
whenever  they  find  suitable  quarters. 

Within  late  years  our  knowledge  of  the  lower  members 
of  the  vegetable  kingdom  has  made  enormous  strides,  and 
results  have  been  obtained  by  careful  and  prolonged  study 
which  would  astound  the  botanists  of  fifty  years  ago  were 
they  now  to  appear  upon  the  scene.  Then  it  was  believed 
that  Fungi  and  Bacteria  were  produced  by  the  decay  of 
other  living  organisms,  and  that  they  were  a  lusus  mitiinr,  a 
freak  of  Nature.  Their  sudden  appearance  on  a  spot 
where  no  previous  indication  of  their  presence  had  been 
manifested  was  adduced  as  an  argument  in  favour  of  the 
doctrine  of  spontaneous  generation,  or  iiiinridio  injuironi, 
that  from  unorganized  matter  living  beings  may  arise. 
In  later  times  Prof.  Tyndall  was  an  npliolder  of  this 
theorv  ;  but  as  the  outcome  of  his  numerous  and  carefully 
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elaborated  experiments  he  was  forced  to  confess  that  no 
such  thing  as  spontaneous  generation  takes  place — at  least, 
that  it  cannot  be  proved  to  do  so. 

"  It  is  easy  to  understand  how  such  ideas  of  spontaneous 
generation  should  have  been  prevalent  in  ancient  times. 
Even  their  repeated  occurrence  in  modern  times,  and  with 
our  modern  knowledge,  is  also  capable  of  explanation.  It 
must  be  assumed  that  organisms  did  once  come  into  being 
of  themselves  without  parents,  being  produced  from 
organizable,  but  yet  not  organized,  matter.  It  must,  more- 
over, be  allowed  that  this  may  still  happen  at  any  moment, 
and  perhaps  does  actually  happen  ;  its  impossibility 
cannot  be  proved.  To  produce  actual  proof  of  an  original 
formatio)!  of  a  living  being  is  a  matter  of  the  highest 
interest,  and  has  as  powerful  an  attraction  for  the  biolo- 
gical investigator  as  the  prospect  of  producing  the  homun- 
culus  in  the  phial  for  the  alchemist.  But  the  experience 
of  centuries  has  shown  that  wherever  the  homunculus 
really  appeared  in  the  flask  it  pi-oved  itself  to  be  a  small 
imp  which  had  been  secretly  introduced  into  it  from 
without ;  and,  speaking  seriously,  the  result  was  always  of 
this  kind.  In  every  single  instance  exact  investigation 
has  shown  that  the  organisms  which  were  supposed  to 
have  had  no  parents  proceeded  from  germs  produced  from 
parents  of  the  same  species  as  themselves  ;  it  has  also 
been  shown  how  they  were  formed  and  whence  they  came. 
.  .  .  That  there  is  no  generation  without  parents  is  a 
matter  of  experience  ;  it  is  in  distinct  accord  with  the 
present  state  of  our  knowledge  after  making  allowance  for 
all  conceivable  possibilities  .  .  ." 

What,  then,  are  the  organisms  which  have  given  rise  to 
such  curious  notions  regarding  their  mode  of  origin  ?  We 
have  instanced  the  nuishroom  as  an  example  ;  and  to  it 
the  toadstools  and  moulds  may  be  iilded. 

The  vegetable  kingdom  is  generally  divided  into  five  main 
divisions,  of  which  the  lowest  is  the  Thallophytes  (6'u\Xos 
"  a  young  shoot,"  and  <^i'toi'  "  :•  plant  ").  The  plants  of 
this  class  .show  no  diilerentiatiou  mto  root,  stem,  and  leaf, 
as  is  the  case  in  the  majority  of  green  plants,  but  instead 
are  composed  of  a  tliallus,  or  body  in  which  no  distinction 
can  be  made  between  stem  and  leaf,  and  in  which  a  root, 
such  as  we  are  accustomed  to  in  the  higher  plants,  is 
absent.     In  this  division  the  Fungi  find  their  place. 

It  would  be  impossible  in  the  limits  of  a  single  paper  to 
attempt  a  general  description  of  even  the  chief  members 
of  the  various  divisions  of  this  enormous  group.  It  will 
best  serve  our  purpose  to  confine  ourselves  to  a  detailed 
account  of  the  life  of  an  individual  member  of  one  of 
these.  The  physiology  of  the  Fungi  will,  we  trust,  form 
the  subject  of  a  sub.sequent  paper.  Here  it  will  merely 
receive  a  passing  glance. 

We  select  for  our  description  a  Fungus  which  causes 
ruttt,  or  mildew,  on  grass.  Its  life-history  is  extremely 
complicated,  and  is  intensely  interesting.  It  is  a  typical 
luxus  natuni'  of  the  old  authors.  The  difierent  stages  in 
its  interesting  life  may  be  traced  (now  that  they  are  known 
to  us)  with  comparative  ease  owing  to  the  large  size  of  its 
members,  so  that  the  readers  of  this  article  can  thus 
obtain  a  first-hand  knowledge  of  some  at  least  of  its  life 
processes. 

This  fungus  is  the  possessor  of  three  names — I'lnln 
linc/inn,  I'uicinin  //nmiivis,  and  .V.ridhim  hcyheridix  \  the 
reason  of  which  will  be  evident  to  the  reader  by-and-by. 
Puccinid  i/i-fimhii.i  is  the  one  in  common  use. 

The  most  conspicuous  portion  of  the  fungus,  and  this 
holds  good  for  almost  all  these  plants,  is  that  portion  set 
apart  for  the  reproduction  of  the  species.  The  mushroom 
is  a  case  in  point.  The  vegetative  portion — that  part,  in 
other  words,    which   is   the    carrier-in    and  elaborator  of 


nourishment — is  quite  inconspicuous.  We  will  deal  with 
it  first.  It  is  the  fungus  body,  the  thallus  or  mycelium 
{/j.vioj'i  "  a  mushroom  "),  and  corresponds  to  the  "  spawn  "  of 
the  mushroom.  It  consists  of  a  number  of  elongated, 
many-celled  threads  or  hypha^  {vcferi  "a  web"),  which  branch 
and  interlock  to  form  a  more  or  less  compacted  weft  of 
tissue.  I'lici-iiiiii  iiraminis  is  a  pai'asite,  so  we  must  look 
for  this  mycelium  in  the  tissues  of  a  living  being,  or  host, 
as  it  is  termed  in  technical  language. 

There  are  five  or  more  unwilUug  hosts  favoured  with  this 
unwelcome  guest.  We  will  select  one  of  these — 'I'litivum 
vuliiiiir,  the  Wheat — for  our  study  of  the  parasite.  It 
occasionally  happens  during  the  early  summer  that  a 
farmer  espies  a  peculiar  colouration  on  the  blades  in 
some  parts  of  his  wheat-field.  He  calls  this  iiiilihn-. 
Closer  examination  reveals  the  fact  tliat  the  blades  have  a 
rusty  appearance,  the  rust  taking  the  form  of  small  linear 
patches  on  the  leaves.  A  microscopic  examination  of  a 
transverse  section  of  a  leaf  through  one  of  these  patches 
shows  that  its  tissue  is  permeated  by  a  number  of  delicate 
threads  (Fig.  I.  J.,  in.),  which  run  amongst  the  cells.      At 


Vm.  I. — o.  Diaj^ramniatic  representation  of  surface  of  leaf  of 
Wheat  {Tn'tirum  !'i(/'/«ri)  .slightly  magnified.  The  uredo-gonidia 
(iir.  (/.)  are  seen  shining  ihrongh.  //.  Transverse  seclion  of  leaf  of 
Wheat  through  a  uredo-gonidia  patch.  Ur.  //.,  uredo-gonidia  ;  ep., 
epidermis;  m.,  mycelium,  the  threads  (/i^/<//«')  of  which  are  woven 
into  a  loose  tissue.  (Much  magiiilied.J  r.  Uredo-gonidiuui.  (Very 
much  magnified.) 

one  portion  the  filaments  have  assumed  an  upward  direc 
tion,  and  there  a  mass  of  yellowish  cells  have  made  their 
appearance  (Fig.  I.  /'.,  '"'.  //.).  They  are  so  numerous 
that  the  epidermis  or  skin  of  the  leaf  has  been  ruptured. 
Each  one  occupies  the  end  of  one  of  the  threads.  These 
threads  are  the  hyphiv  of  the  fungus  mycelium.  They 
form  the  thallus,  which  corresponds  to  the  root,  stem,  and 
leaves  of  a  higher  j)lant,  such  as  its  host-plant,  the  Wheat. 
Many  of  the  wheat-cells  are  stored  with  green  colouring- 
matter,  or  chlorophyll,  which  enables  it  to  lead  an  inde- 
pendent existence,"  but  in  the  thallus  of  the  Puccinia 
there  is  no  gi-een  colouring-matter  ;  hence  it  must  live  on 
matter  which  has  already  been  elaborated  from  inorganic 
materials  by  its  more  favoured  host.  So  far  as  regards 
structure,  a  ditt'erence  exists  between  the  two,  occasioned, 
of  course,  by  the  very  difierent  mode  of  life  of  the  two 
forms.  In  the  Wheat-plant  certain  cells  are  set  apart  for 
the  performance  of  certain  functions.  Each  xet  of  cells  is 
called  a  tissue.  No  such  distinction  can  be  drawn  between 
the  cells  of  the  fungus  mycelium  ;  they  are  all  alike. 
Each  one  can  take  in  nourishment  for  itself  from  the  ceils 
of  the  leaf  in  which  it  has  found  a  home. 

Of  the  yellow  cells  we  have  not  spoken.  They  are 
called  gonidia  or  conidia-gonidia  (yciTu'w  "  to  produce,"  and 
oiSa  "  like  "),  because  they  are  like  spores  ;  true  reproductive 
cells  ;  and  conidia  (kovis  "  dust "),  from  then-  dust-hke 
appearance.     They  are  not  spores,  inasmuch  as  they  have 


*  For  explanation,  see   article   on '•  Breathing   Organs   of  I'lants,'' 
Knowledge,  Nov.  I.-^IIO. 
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not  been  produced  as  the  result  of  the  union  of  male  and 
female  elements.  They  have  simply  been  cut  off,  one  by 
one,  from  the  ends  of  the  hyphse,  and  have  surrounded 
themselves  with  a  thick  wall  as  a  protective  covering  ;  but, 
like  spores,  they  are  capable  of  germinating  and  producing 
a  mycelium  exactly  similar  to  that  which  gave  them  origin. 
The  wind  catches  them  and  carries  them  from  blade  to 
blade  of  the  wheat.  Having  alighted  thereon,  germination 
commences.  A  small  tube  is  sent  out  from  each  gonidium  ; 
it  pierces  the  cuticle  or  outer  coating  of  the  leaf-surface, 
and  insinuates  itself  between  the  cells  of  that  body.  It  pro- 
bably effects  its  entrance  nito  the  leaf  by  secreting  a 
ferment  which  dissolves  the  hard  cuticle.  This  fermenta- 
tion is  exhibited  by  many  fungi.  It  enables  many  of  them 
to  penetrate  into  the  hard  wood  of  trees.  When  the  tube 
has  reached  the  interior  of  the  leaf,  it  germinates,  and 
the  product  of  germination  is  a  mycslium  like  that  of  its 
parent.  On  this  gonidia  may  again  arise.  Two  or  three 
generations  of  gonidia  may  be  produced  in  this  way  in  a 
single  summer. 

The  fungus  at  this  stage  was  formerly  called  I'l-i'ilu 
lincdiis,  and  its  gonidia  are  still  known  as  '  irihi-iidiiiilid. 

The  blade  of  wheat  is  a  transitory  structure,  it  does 
not  live  all  winter,  but  the  mycelium  of  the  fungus  could 
not  survive  that  period  without  a  means  of  sustenance. 
In  point  of  fact,  its  existence  as  such  terminates  with  that 
of  the  life  of  its  host  ;  but  it  makes  provision  for  the  con- 
tinuance of  the  species,  to  the  cost  of  the  poor  farmer  on 
whose  lauds  it  has  settled. 

Towards  the  end  of  -July  the  brownish  pustules  we  have 
previously  referred  to  assume  a  black  appearance,  and 
become  more  prominent.  Now,  microscopic  examination 
reveals  a  curious  fact.  Where  previously  uredo-gonidia 
existed,  two-celled  bodies  with  very  thick  walls  have  ap- 
peared (Fig.  11.  (I.,  t.i/.).     On  some  isolated  stalks  a  uredo- 


Fio.  II. — a.  Transversp  section  of  Wheat-blade  through  collection 
of  Teleuto-gonidia  (ad.  nat.);  t.;/.,  telcuto-gonidia  ;  m.,  mycolium. 
(JFuch  magnified.)  //.  Tclouto-gonidium  (ad.  nat.)  (Very  much 
mngniticd.)  r.  Dingrammatic  representation  of  germination  of 
tolouto-gonitlium  (I.  g.);  />.  in.,  promycelium ;  i/.,  promycolinl 
gonidia. 

gonidium  may  still  be  visible.  Tlioso  are  also  gonidia,  but 
by  reason  of  their  structure  are  better  fitted  to  withstand 
the  rigors  of  winter  than  those  produced  in  the  earlier 
part  of  the  season.  They  are  the  last  gonidia  to  appear 
on  the  niycelimn,  so  they  have  received  the  name  of  tclcuto- 
gonidia  (tcXcutos  "  last  "). 


All  this  time  the  fungus  has  been  preying  upon  its  host, 
and  preventing  the  elaboration  of  sap  for  the  building  up 
of  its  seeds.  Its  attacks  are  thus  dreaded  by  the  farmer. 
This  stage  of  the  fungus,  which  was  not  known  until 
recently  to  have  any  connection  w'ith  the  preceding,  re- 
ceived the  name  of  Puccinin  ijniiiiinia. 

The  mildew,  or  blight,  was  known  as  far  back  as  the 
time  of  Shakespeare.  In  AV;;//  Lear,  Act  III.  so.  iv.,  we 
read  that  "  the  foul  fiend  Flibbertigibbet  mildews  the 
white  wheat."  "  The  fungoid  nature  of  the  mildew  was  not 
known,  however,  until  the  latter  half  of  the  last  century, 
for  TuU,  writing  in  ITHH,  attributes  it  to  the  attack  of 
small  insects,  '  brought  (some  think)  by  the  east  wind,' 
which  feed  upon  the  wheat,  leaving  their  excreta  as 
black  spots  upon  the  straw,  '  as  is  shown  by  the  micro- 
scope.' !  "  ■■ 

The  teleuto-gonidia  remain  on  the  decayed  leaves  all 
winter,  but  in  the  spring  they  throw  oft"  their  dormant 
state,  become  active,  and  germinate.  Each  di\nsion  sends 
out  a  small  tubular  body  (Fig.  II.  r.,p.iii.)  which  divides 
up  into  three  or  four  cells  that  still  retain  organic  connec- 
tion with  one  another.  From  each  cell  is  thrown  out  a 
short  process,  whose  tip  develops  into  a  minute  bulbous 
swelling  (Fig.  II.  c, //.).  The  two  tubes  produced  from 
the  teleuto-gonidia  are  called  promycelia,  and  the  swellings 
just  mentioned  the  promycelial  gonidia.  These  last  are 
produced  in  immense  numbers,  and  are  carried  about  by 
the  wind. 

It  was  noticed  many  years  ago  that  in  the  vicinity  of 
Barberry  bushes  (lierhrriK  vulijiiris)  the  wheat  in  a  wheat- 
field  presented  the  rustfil  appearance  which  we  now  know 
to  be  due  to  the  presence  of  teleuto-gonidia,  while  in 
neighbouring  parts  the  wheat  retained  its  normal  appear- 
ance. Many  accomits  were  given  of  the  connection 
between  the  Barberry  and  mildew  on  wheat,  but  no  one 
knew  why  this  connection  should  exist.  So  convinced 
were  farmers  of  the  harmful  nature  of  the  Barberry  that 
almost  all  these  bushes  have  been  uprooted  from  our 
hedges ;  and  in  1760  an  Act  was  passed  in  Massachusetts 
enforcing  the  destruction  of  these  apparently  harmless 
shrubs. 

The  promycelial  gonidia,  one  would  naturally  imagine, 
would  germinate  on  the  wheat-leaves,  but  experience  tells 
us  that  this  does  not  take  place.  They  will  only  develop 
when  they  fall  on  the  Barberry,  or  its  ally  the  Mulmnia 
ilu-ifoUa.  In  the  leaves  of  the  former  plant,  and  in 
addition  on  the  berries  of  the  latter,  they  develop  a  myce- 
lium in  no  way  diftering  from  that  seen  in  the  leaves  of 
the  wheat.  The  hyphie  or  threads  of  the  thallus  insinuate 
themselves  between  the  cells,  and  absorb  nourishment 
from  them.  Its  presence  on  the  Barlierry  would  probably 
have  passed  unnoticed  were  it  not  that  during  the  early 
summer  reproductive  cells  arise  from  the  mycelium.  Then 
it  is  seen  that  the  under  surface  of  the  leaves  are  infected 
here  and  there  with  circular  yellow  blotches.  The  aid  of 
a  pocket-magnifier  shows  each  blotch  to  be  composed  of 
a  zone  of  small  holes,  from  which  a  yellow  powder  issues. 
On  the  upper  side  of  the  leaves  minute  apertures  are 
present,  arranged  likewise  in  a  circular  manner.  If  we 
examine  a  section  of  the  leaf  under  the  microscope,  the 
yellow  patches  will  show  themselves  to  be  composed  of 
cup-shaped  bodies.  livery  cup  is  tilled  with  bright  yellow 
cells  (Fig.  111..  ".  .V'-)  arranged  in  linear  series,  and  each 
series  arises  from  the  down- turned  end  of  a  hypha.  A 
distinct  wall  surrounds  each  cup  or  tn-idiniii  (Fig.  III.,  <i.), 
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and,  like  the  spores,  it  is  connected  with  a  mycelium  in  the 

centre  of  the  leaf.      The  arrangement  of  the    sBcidia  in 

groups  has  caused  them   to  be  called  cluster-cups.     The 

mycelium  is  connected  towards  the  upper  surface  of  the  leaf 

with  oval-shaped  bodies,  spermagonia  (Fig.  III.  s.),  whose 

openings  to  the  exterior  are  the  small 

apertures   before-mentioned.      They 

contain  rod-shaped  cells,  the  so-called 

spermatia  (Fig.  III.,  sp.). 

As   in   the    previous   stages,   this 

phase  of  the  life-history  of  the  fungus 

was  not   known   to  have  connection 

with  any  of   the  others,  and  had  a 

_      gg_j|-,     V  name  of  its  own — .Kdilium  hcrheridis. 

„     „,     _  It  now  remains  to  determine  the 

Fig.  III.^ — Transverse  .    .  ,  ,.    ,,  .. 

section  of  leaf  of  Bar-  ongm  and    use  of   these   respective 

berry     (Berherii     vul-  parts.  The  Aphis,  or  plant-louse,  has 

yan's),  showing  fccidium  the  peculiar  power,  possessed,  how- 

■(«!.),  with  ^cidiospores  g^g^^  ^^  ^^jj^j.  jQ^^jy  animals,  of  pro- 

iTuKi.withTp'ermTtia  ducing  numerous  successive  broods  of 
(sp.).  young  from  unfertilized  eggs,     ibis 

is  called  parthenogenesis  (-n-ap^evos 
"avirgin";  and ■yciTau "  to  reproduce").  On  the  prothallus* 
of  the  Fern  antheridia  and  archegonia  may  be  developed, 
but  from  the  ovum,  or  egg,  in  one  of  the  latter  a  young 
fern-plant  may  arise  without  union  with  a  spermatozoid  ; 
nay,  further,  without  even  the  production  of  an  ovum  a 
fern-plant  may  be  developed  on  it.  As  it  is  usual  for 
fertilization  to  take  place,  these  abnormal  developments  are 
termed  apdijanunts  (otto  "  from  "  ;  and  ya/itu)  "  to  marry  "). 
In  a  group  of  Fungi  allied  to  that  (.lu-ididmijcetes)  to  which 
Puccinia  belongs,  viz.  in  the  Lichens,  spermatia  are  de- 
veloped. One  fertilizes  a  female  organ,  find  the  result  nf 
their  union  is  ii  cup-shaped  hadij  reri/  niurh  like  the  cecidiuui  eif 
Au'idiiun  herheridis.  No  female  organ  has  been  found  on 
this  fungus,  so  it  is  argued  that  apogamy  here  takes  place. 
As  the  yellow  cells  germinate  and  produce  a  mycelium, 
and  as  they  have  resulted  from  tbe  union  of  male  and 
female  elements,  they  are  called  spores,  in  contradistinc- 
tion to  the  asexually-produced  reproductive  cells,  gonidia. 
It  was  believed  until  lately  that  the  so-called  spermatia 
were  male  cells,  which  were  now  functionless  on  accoimt 
of  apogamy  always  happening  in  .V.eiiliuin  herheridis  ;  but 
this  view  of  their  nature  must  now  be  cast  aside,  for  Prof. 
Plowright  has  succeeded  in  causing  these  to  germinate. 
Their  true  nature  at  the  present  time  is  unknown. 

The  inability  of  the  promycelial  gonidia  to  germinate 
on  the  blades  of  Wheat  is  a  matter  of  wonderment,  but 
the  same  peculiarity  is  displayed  by  the  spores  [lecidin- 
sjiores)  found  in  the  recidia,  or  cups  of  the  Berberis.  They 
will  germinate  only  when  they  reach  a  blade  of  Wheat, 
and  not  on  the  Berberis  leaf  from  which  their  parent 
mycelium  derived  its  sustenance.  Their  germination  pre- 
sents features  akin  to  that  of  the  uredo-gonidia  and  teleuto- 
gouidia.  A  tube  is  sent  out,  which  in  this  case,  however, 
enters  the  wheat-blade  by  way  of  a  stoma.  In  the  in- 
terior of  the  leaf  it  branches  and  produces  a  mycelium, 
on  which  uredo-gonidia  are  produced. 

We  have  thus  arrived  at  the  stage  of  the  life-history 
with  which  our  description  commenced.  This  fungus  then 
passes  part  of  its  existence  on  one  plant  and  part  on 
another,  and  is  parasitic  on  both.  It  is  thus  said  to  be 
metoxenous  (//.era  "  change"  ;  and  t'evos  a  "  guest  ")  ;  or,  in 
other  words,  to  change  its  host.  The  term  hetercecism 
(Irepos"  other,"  and  oiVos "  a  house  ")  is  also  used  in  connec- 


*  For  explanation  of  terms  see  article  on  "  A  Seed,  and  what  it 
Contains,"  Knowledge,  April  1891. 


tion  with  it,  implying  that  it  effects  a  change  of  residence 
during  the  course  of  its  life.     The  diagram  (Fig.  IV.)  will 


oecT.tt\um 


Fig.  IV. — Life-cycle  diagram  of  Puccinia  graminis.  As  the  uredo- 
mycelium  produce  uredo-gonidia,  which  again  produce  a  mycelium 
like  the  parent,  the  life-cycle  is  at  this  stage  lengthened,  while  on  the 
other  side  apogamy  causes  shortening  of  the  cycle. 

serve  to  make  clear  the  wanderings  and  vicissitudes  of 
this  lowly  organism. 

It  must  not  be  imagined  that  all  Fimgi  have  such  a 
complicated  life-history.  In  many  cases  it  is  very  simple. 
Moreover,  all  are  not  parasitic  ;  some  are  saprophytes. 
They  live,  like  the  mushroom,  on  dead  organic  matter, 
which  originally  was  built  up  by  living  beings. 


Notices  of  Boolts. 


Sofip  Bulihles  and  the  Farces  ndtich  mould  them.  By  Prof. 
C.  V.  Boys,  F.E.S.  (Society  for  Promoting  Christian 
Knowledge.) — This  very  fascinating  little  book  is  calculated 
to  start  old  people  as  well  as  young  in  a  course  of  experi- 
menting for  themselves.  It  is  written  in  very  popular 
language,  being  the  substance  of  three  lectures  delivered 
to  a  juvenile  audience  in  the  Theatre  of  the  London  Insti- 
tution. Prof.  Boys  is  a  very  accomplished  experimenter, 
with  a  happy  gift  of  devising  simple  mechanical  con- 
trivances to  illustrate  his  meaning.  Those  who  were  not 
fortunate  enough  to  hear  the  lectures  will  find  ample  wood- 
cuts and  other  illustrations  to  make  the  meaning  clear, 
and  at  the  end  of  the  book  Prof.  Boys  has  given  a  series 
of  practical  hints  as  to  bubble-blowing  and  making  some 
of  the  simple  apparatus  which  he  used.  The  importance 
can  hardly  be  overrated  of  inducing  young  people  to 
experiment  for  themselves.  It  teaches  them  to  observe 
and  to  reason  for  themselves,  and  is  a  very  important 
adjunct  to  the  training  of  the  memory  which  is  now  too 
exclusively  looked  upon  as  education.  Possibly  in  some 
cases  Prof.  Boys  has  been  a  little  too  daring  in  his  attempts 
at  explanation.  Thus,  in  trying  to  explain  that  the  section 
of  a  film  between  two  parallel  discs  is  a  catenary  when 
the  pressure  on  the  inside  is  equal  to  the  pressure  on 
the  outside,  he  shows  his  child  audience  the  sections  of 
a  cone  by  throwing  the  shadow  of  a  Hat  candlestick  on  the 
wall,  and  then  tells  them  that  he  will  trace  a  catenary 
by  rolling  upon  a  straight  edge  a  piece  of  board,  cut 
into  the  form  of  a  parabola,  letting  a  piece  of  chalk,  at  its 
focus,  trace  the  catenary  on  the  black-board.     But  with  a 
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few  such  small  exceptions,  the  book  is  exceedingly  simple 
as  well  as  amusing. 

The  Autiihiixiniphii  -/'  tlic  luiitli  :  A  /lopular  account  of 
(Tcoloi/irdl  llistiin/.  l!y  the  Kev.  II.  N.  Hutchinson, 
B.A.,'  F.G.S.  (Edward  Stanford,  London,  1890).  There 
is  a  scarcity  of  popular  works  on  Geology  which  can  be 
relied  upon  as  giving  accurate  information  in  simple 
language.  This  book  has  been  very  conscientiously  written. 
It  gives  a  brief  sketch  of  the  principal  geological  periods, 
and  endeavours  to  explain  briefly  the  methods  by  which 
the  conclusions  of  geologists  have  been  arrived  at. 

Monoyniph  of  tlw  British  Cicada.  Part  V.  By  G.  B. 
BucKTON,  P.E.S.  (Macmillan  &  Co.)  This  part  contains 
the  Acoccjihiiliihr  and  the  first  two  genera  of  the  .hissithc. 
There  is  also  a  useful  chapter  on  the  parasites  of  the 
Cicadie,  for  which  no  hint  of  apology  was  necessary,  for 
in  our  opinion  it  is  just  the  discussion  of  side  issues  such 
as  these  that,  next  to  the  figuring  of  the  species,  consti- 
tutes the  chief  niison  d'etre  of  the  work.  The  parasites 
of  the  Homoptera  have  been  so  little  studied  in  this 
country  that  all  available  information  will  be  welcomed  by 
students  of  the  order.  The  most  interesting  subject 
noticed  in  this  connection  is  the  investigations  of  Prof. 
Mik  and  others  into  the  nature  of  the  black  oval  objects 
which  so  often  disfigure  the  bodies  of  the  Jussidce  and 
'Tijl)hl<)ei/hid,r.  These  have  been  proved  to  yield  hymenop- 
terous  parasites  belonging  to  the  extraordinary  ant-like 
genus  (Tonatoinis,  but  many  points  in  the  life-history  of 
the  parasites  still  need  elucidation,  and  it  is  to  be  hoped 
that  Mr.  Buckton's  summary  of  results  may  lead  others 
to  take  up  the  subject.  The  coloured  plates  are  not  all  of 
equal  merit,  and  the  figures  of  one  insect  at  least,  the 
handsome  and  brilliant  I'lKtiiiiietiiiiiux,  suffer  from  the 
unusual  defect  of  being  insufficiently  coloured. 

Xaturc's  Wonder-Workerti.  By  Kate  R.  Lovell.  (Cassell 
&  Co.)  Another  book  on  the  inexhaustible  theme  of 
insect  life  and  habits.  Though  the  authoress  does  not 
profess  to  write  in  other  than  a  somewhat  popular  style, 
her  work  is  carefully  done,  and  shows  an  avoidance  of  those 
blemishes  of  style  that  too  oiten  disfigure  works  of  this 
sort.  Into  280  agreeably  written  and  neatly  printed  pages 
has  been  collected  a  considerable  fund  of  information,  for 
the  most  part  accurate,  about  some  of  the  familiar  insects 
that  more  or  less  directly  aft'ect  the  welfare  of  mankind. 
The  book  is  most  attractively  got  up  and  illustrated  with 
abundance  of  woodcuts,  which  are  full  of  life  and  vigour,  and 
portray  many  and  varied  phases  of  nisect  Ufe. 

/)'//  'I'nicl;  (did  'rniil  :  a  JdUrnci/  throin/Ii  Canada.  Bv 
Edwaui)  Koper,  F.R.G.S.  (  W.  H.  Allen  kCo.,  1891.)  The 
author  of  this  chattily  written  book  makes  no  pretensions 
to  be  a  naturalist  or  scientific  traveller,  but  he  is  an  artist 
with  an  eye  for  birds  and  beasts,  as  well  as  for  the  grand 
scenery  of  the  north-west.  He  introduces  his  readers  in  a 
realistic  way  to  a  wide  range  of  country  extending  from 
the  .\tlantic  to  the  Pacific,  and  to  many  types  and  conditions 
of  men,  taking  us  through  the  great  wheat-growing  country 
to  prairie  ranches  and  the  canons  and  passes  of  tlie  Eocky 
Mountains  on  to  British  Columbia.  His  picture  of  a  Chinook 
village  (m  (,)u('on  Cliarlottc's  lsl:iiiil,  namcil  Skidegate,  shows 
the  gigantic  carved  posts  which  these  Indians  erect  in  front 
of  their  houses.  Speaking  of  these  totem  posts  Mr.  Roper 
says,  "  I  had  always  been  under  the  impression  that  the 
totem  was  hold  sacred  by  the  tribe  or  family  possessing  it, 
and  that  they  would  not  injure  or  allow  to  be  injured  the 
object  chosen  as  the  symbol  of  their  tribe ;  but  at  Skidegate 
their  totem  is  the  shark,  yet  this  family  of  Indians  are  famous 
shark  slayers,  killing  them  for  profit."     The  houses  of  these 


Indians  are  most  substantial  wooden  framed  structures, 
sometunes  forty  feet  long  and  equally  deep — the  walls  and 
the  roof  are  made  of  split  slabs  of  cedar.  It  is  surprising 
what  immense  beams  and  posts  they  use  for  these  houses. 
When  an  Indian  wishes  to  build  a  house  he  gets  up  a  "  bee." 
Calling  the  members  of  his  tribe  together  he  distributes 
presents  amongst  them,  which  are  called  "  potlaeh."  They 
set  to  work  with  a  will,  drawing  and  fitting  together  great 
logs  until  the  house  is  completed.  One  of  the  most  striking 
features  of  these  Indian  villages  are  their  totem  posts,  which 
are  sometimes  three  or  four  feet  in  diameter  and  forty  feet 
high.  They  are  carved  with  great  grotesque  faces  and 
figures  and  a  representation  of  the  animal  representing  the 
clan.  Mr.  Roper  likens  the  posts  to  a  family  coat-of-arms, 
which  also  records  incidents  in  the  familv  historv. 


THE  COAL-SACK  REGION  OF  THE  MILKY  WAY. 

By  a.  C.   Ranyard. 

NEAR  to  the  foot  of  the  Southern  Cross  there  is  a 
dark  patch  or  hole  in  the  Milky  Way  which  was 
named  by  the  early  English-speaking  navigators 
of  the  Southern  Seas  '•  The  Coal-Sack,"  on  ac- 
count of  its  blackness  as  compared  with  the  sur- 
rounding region.  It  is  so  striking  an  object  in  the  Southern 
skies  that  even  the  Australian  natives  seem  to  have  noticed 
it.  It  is  stated,  on  the  authority  of  a  paper  read  before  the 
Royal  Society  of  New  South  Wales,'-  that  this  black  patch 
figures  in  Australian  folk-lore  as  the  embodiment  of  evil  in 
the  shape  of  an  emu  who  is  lying  in  wait  for  an  opossum 
that  has  climbed  into  the  branches  of  a  tree  represented 
by  the  stars  of  the  Southern  Cross. 

The  physical  meaning  of  this  dark  area  in  the  midst  of 
a  closely  star-strewn  region  has  long  been  a  subject  of 
speculation.  It  has  generally  been  described  as  some 
8'^  or  10°  long  by  5°  or  6°  wide,  with  sharply-defined 
borders,  and  as  perfectly  devoid  of  stars.  Proctor  rejected 
as  highly  improbable  the  idea  that  there  could  be  a  tunnel 
directed  towards  the  earth  through  a  great  thickness  of  stars, 
and  accounted  on  his  stream  theory  of  the  Milky  Way  for 
the  dark  patch  as  an  opening  where  we  look  into  distant 
space  between  two  branches  of  the  great  galactic  stream 
of  stars,  which  he  conceived  to  be  a  stream  of  roughly 
circular  section.  In  an  article  on  the  Coal- Sack  Region, 
published  in  Knowledge  for  May  1st,  1886,  p.  225,  he  asks 
the  reader  to  consider  whether  it  can  be  "an  accident 
that  over  this  large  dark  space,  covering  about  50  square 
degrees,  there  is  not  a  single  lucid  star,  while  all  around  its 
borders  lucid  stars  are  strewn  in  plenty '?"  The  whole 
surface  of  the  heavens,  he  remarks,  "  exceeds  the  Coal- 
Sack  some  eight  hundred  times  in  extent ;  and  as  there 
are  about  GOOO  lucid  stars,  one  might  expect  seven  or  eight 
such  stars  to  be  found  in  the  Coal- Sack.  But  this  is  iar 
from  being  all.  The  neighbourhood  of  the  Coal-Sack  is 
much  richer  in  lucid  stars  than  other  regions  in  the 
heavens  ;  so  that  it  is  just  where  stars  should  be  most 
richly  distributed  that  this  vast  black  spot  makes  its  ap- 
pearance." The  question  whether  the  absence  of  naked 
eye  stars  from  the  Coal- Sack  Region  and  their  presence  in 
great  abundance  in  the  Milky  Way  Region  around  can  be 
a  mere  coincidence  can  hardly  be  regarded  as  doubtful,  and 
every  tlioughtful  person  will  acknowledge  that  the  observed 
distribution  tends  to  show  an  intimate  connection  between 
the  naked  eye  stars  and  the  distribution  of  the  smaller  stars 
or  nebulous  matter,  which  gives  rise  to  the  hazy  stream  of 
light  wo  know  as  the  Milky  Way. 

•  Sec  Miss  Clerke's  Si/stem  of  the  Stars,  p.  356. 
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The  photograph  of  a  and  fi  ( 'i-m-is  ami  the  Coal-Sack 
Region  which  we  are  enabled,  by  the  kindness  of  Mr.  H.  C. 
Russell,  Director  of  the  Sydney  Observatory,  to  lay  before 
the  readers  of  Knowledge,  shows  that  the  Coal-Sack  is  far 
from  being  absolutely  void  of  stars ;  the  greater  part  of  it 
is  bridged  over  by  a  network  or  veil  of  stars  which  are 
relatively  minute  compared  with  the  larger  stars  that  are 
scattered  over  the  region  surrounding  the  Coal-Sack.  Tliis 
network  of  minute  stars  does  not  cover  the  whole  of  the 
Coal-Sack  area.  There  are  small  regions,  one  notably 
towards  the  northern  end  of  the  Coal-Sack  and  one  near  to 
a  ( 'nici'x,  which  sliow  a  comparatively  black  and  starless 
background.  It  is  evident  that  the  structure  of  this  portion 
of  the  Milky  Way  cannot  be  accounted  for  by  the  simple 
cylindrical  streams  imagined  by  Mr.  Proctor. 

The  relative  blackness  of  the  Coal- Sack  Region,  as  seen 
by  the  naked  eye,  seems  to  be  due  to  a  breach  in  a  net- 
work or  structure  of  larger  stars,  which  are  evidently 
distributed  in  a  different  manner  to  the  network  or  struc- 
ture of  small  stars  which  .stretches  across  the  Coal-Sack 
Region.  The  two  systems  or  groupings  of  stars  need  not 
necessarily  lie  at  greatly  different  distances,  but  they  seem 
to  be  as  independent  of  one  another  as  the  distribution  of 
two  flocks  of  birds.  There  may  be  some  general  law 
connecting  the  association  of  two  flocks  or  flights  of  birds, 
and  yet  each  may  have  its  own  independent  arrangement, 
as  for  example,  one  set  of  larger  birds  might  be  attacking 
or  following  a  flight  of  smaller  birds  or  insects.  We 
should  then  expect  to  And  the  two  flights  intermixed  as 
seen  on  the  sky  and  yet  distinctly  separate  both  by  their 
grouping  as  well  as  by  their  size.  Thus  we  find  in  the 
photograph  stream  lines  of  minute  stars  as  well  as  stream 
lines  of  stars  of  larger  magnitude. 

In  this  region  of  the  Milky  Way,  stars  of  similar  magni- 
tude seem  generally  to  be  associated  together  in  the  stream 
lines.  There  is  a  very  remarkable  series  of  such  diverging 
stresim  lines  about  the  bright  star  a  ( 'nicis  (the  lowest 
of  the  bright  stars  on  the  plate).  A  circle  of  small  stars 
may  be  traced  around  the  large  star,  within  the  sharply' 
defined  bright  ring,  which,  as  was  explained  in  Knowledge 
for  .July  of  last  year,  p.  174,  is  due  to  the  reflection  of  the 
light  of  the  bright  star  from  the  back  of  the  plate."  Con- 
verging towards  this  circle  of  minute  stars  are  several 
curving  stream-  of  minute  stars,  which  it  seems  hardly 
possible  to  doubt  are  associated  together.  The  s)'mmetry 
of  their  arrangement  with  respect  to  the  large  star  is  also 
very  curious.  From  a  probability  point  of  view,  it  is  over- 
poweringly  evident  that  these  diverging  streams  of  small 
stars,  together  with  the  circular  stream  of  small  stars  from 
which  they  spring,  form  a  cluster  and  are  all  at  about  the 
same  distance  from  us.  The  fact  that  a.  Crncis  falls 
apparently  at  the  centre  of  this  curiously  symmetrical 
cluster  may  be  a  mere  coincidence,  and  may  not  mdicate 
any  physical  connection  between  the  cluster  and  the  large 
star,  but  the  improbability  of  such  a  chance  coincidence  in 
position  is  considerable.  The  evidence,  whatever  it  is 
worth,  is  another  link  in  the  chain  of  evidence  tending  to 
prove  that  the  girdle  of  large  stars  referred  to  in  my  paper 
in    the   last   number    is    intimately   associated   with    the 


*  During  thr  expoMirc  of  tlir  iihotogi-upliic-  plate,  a  point  ou  the 
sensitive  film  was  lit  up  by  the  image  of  the  bright  star,  and  slione  like 
a  little  lamp.  The  rays  from  this  illuminated  region,  nhieh  fell 
nearly  per])endicularly  on  the  back  of  the  plate  emerged,  whereas 
those  whieh  fell  more  obliquely  would  be  in  greater  and  greater 
jn-oportion  reflected  back  again",  and  produce  their  effect  on  the 
sensitive  film.  The  inner  edge  of  the  bright  ring  corresponds  to  the 
light  reflected  at  the  critical  angle  where  the  whole  of  the  light  is 
reflected  back  again  to  the  sensitive  film,  and  none  gets  out  at  the 
back  of  the  plate. 


Milky  Way,  and  that  a  Cnwi.i  and  the  other  stars  of  the 
girdle  are  giant  suns  compared  with  the  cloud  of  smaller 
suns  which  compose  the  Milky  Way.  a  ( 'ntcis  is  a  double 
star  with  components  5"  apart  which  move  about  one 
another  very  slowly,  for  their  position  seems  hardly  to 
have  changed  since  Sir  John  Herschel  observed  them  in 
1834.  Tliey  give  a  spectrum  of  Sirimi  Type.  The  stars 
of  the  cluster  about  a  ( 'n(ris  seem  to  belong  to  the  class 
of  smaller  stars  which  stretch  across  the  Coal-Sack  ;  one  of 
the  branches  of  the  cluster  seems  to  merge  into  a  curiously 
curving  stream  of  small  stars,  which  stretches  a  long  way 
if  not  right  across  the  Coal-Sack  area.  There  is  also,  on  a 
glass  positive  sent  me  by  Mr.  Russell,  a  narrow  black 
channel,  bordered  by  small  stars,  which  stretches  right 
across  tlie  Coal-Sack  area. 

The  other  photograph  reproduced  represents  the  Milky 
Way,  about  rj  Argus,  a  region  which  Sir  John  Herschel 
thought  was  composed  of  stars  of  larger  average  magni- 
tudes than  other  parts  of  the  Milky  Way  ( see  Tlic  ( 'n/ie 
Obsi'i-rationx,  p.  33).  He  also  thought  that  it  differed  from 
other  regions  of  the  Milky  Way,  in  that  the  stars  appeared 
distinctly  separated  on  a  perfectly  dark  background.  It  is 
seen  here  to  be  composed  of  a  series  of  clusters  separated 
by  a  number  of  darker  patches  and  lanes.  It  seems  clear 
that  the  Milky  Way  is  by  no  means  homogeneous  ;  different 
parts  exhibit  great  differences  of  star  grouping — just  as 
one  region  of  the  Milky  Way  is  rich  in  red  stars,  while 
another  is  rich  in  stars  having  bright  line  .spectra,  so  one 
region  seems  to  be  composed  of  large  stars,  and  another  of 
relatively  small  stars,  and  the  method  of  their  grouping  in 
different  regions  is  also  strikingly  different.  This  was 
long  ago  noticed  by  Sir  John  Herschel.  He  says,+ 
speaking  of  the  region  at  17h.  .50m.  :  "  The  Milky  Way  is 
here  composed  of  separate,  or  slightly  or  strongly  connected 
cloitds  of  semi-nebulous  light,  and  as  the  telescope  moves, 
the  appearance  is  that  of  clouds  passing  in  a  .sc?/rf,  as  the 
sailors  call  it  ...  .  The  Milky  Way  is  like  sand,  not 
strewed  evenly  as  with  a  sieve,  but  as  if  flung  down  by 
handfuls  (and  both  hands  at  once)  leaving  dark  intervals." 
The  nebula  about  r;  An/iix,  though  comparatively  brilliant 
in  the  telescope,  seems  to  be  deficient  in  actinic  or  photo- 
graphic light,  and  consequently  to  need  very  long  exposures 
as  compared  with  the  great  nebula  in  Oriim.  Mr.  Russell 
says  that  he  can  trace  on  his  original  negative  curving 
structures,  which  he  says  remind  him  of  the  great  nebula 
in  AniJroiiu'da.  Only  three  stars  are  shown  in  the  great 
dark  oval  patch  in  this  nebula  where  Herschel's  drawings 
give  four.  The  dark  region,  known  as  the  Lemmiscate,  also 
appears  quite  void  of  light  and  of  stars,  except  the  one 
small  star  observed  by  Herschel,  but  the  scale  of  the  photo- 
graph is  too  small  to  show  much  detail.  The  scale  of  both 
photographs  is  1"  0'56(j  inch.  They  were  taken  with  a 
Dallmeyer  six-inch  portrait  lens  attached  to  the  mounting 
of  the  telescope,  which  will  be  used  for  taking  part  in  the 
photographic  survey  of  the  heavens. 


FLYING  ANIMALS. 

]?y  R.  Lydekkee,  B.A.Cantab. 

ONLY  in  certain  members  of  two  great  groups  of 
iinimals  do  we  meet  with  the  faculty  of  flight,  or 
the  power  of  supporting  their  bodies  in  the  air 
for  longer  or  shorter  periods  by  the  aid  of  mem- 
branous or  other  expansions  developed  therefrom. 
These  two  groups  are  the  Insects,  which  constitute  a  class 
of  the   larger   group   known   as  the   Arthropodous   sub- 

t    Cape   Obneri'ations,  p.  388. 
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kingdom,  iu  which  are  also  included  spiders  and  crabs  ;  and 
the  Vertebrates,  which  form  a  sub-kingdom  to  themselves. 
Whereas,  however,  by  far  the  great  majority  of  Insects 
are  endued  with  this  faculty,  among  the  Vertebrates  it  is 
only  in  the  class  of  Birds  that  we  meet  with  a  similar 
preponderance  of  species  which  enjoy  this  kind  of  locomo- 
tion, although  all  the  members  of  certain  orders — the 
Pterodactyles  and  Bats — are  similarly  endowed.  More- 
over, we  have  to  draw  a  distinction  between  true  flight, 
as  exemplified  by  Tiirds.  Biits,  and  Insects,  and  what  wo 
may  call  spurious  Hight,  of  which  we  have  examples  in 
Flying  Phalaugers,  Flying  Squirrels,  and  Flying  Fish. 
True  flight  is  performed  by  an  alternate  upward  and  down- 
ward motion  of  the  wings,  or  special  organs  of  flight,  and 
can  be  indefinitely  prolonged  until  the  muscular  powers  of 
the  flyer  are  exhausted.  On  the  other  hand,  spurious 
Hight  is  merely  a  prolongation  of  a  downward  or  upward 
leap  by  means  of  parachute-like  expansions  developed 
on  the  sides  of  the  body,  or,  as  in  the  Flying  Fish, 
by  passive  extension  of  wing-like  organs,  and  it  can 
never  be  extended  beyond  the  limits  of  the  initial  velocity 
of  the  original  leap.  This  distinction  between  true  and 
spurious  flight  is  a  very  important  one,  since  it  shows  us 
that  the  animals  endowed  with  the  former  power  are  limited 
to  four  groups,  namely.  Insects,  the  extinct  Pterodactyles 
or  Flying  Dragons,  Birds,  and  Bats.  Spurious  flight,  on 
the  other  hand,  is  found  in  Flying  Fish,  Flying  Lizards, 
Flying  Phalangers,  Flying  Squirrels,  and  Flying  Lemurs. 
Among  those  animals  capable  of  true  flight  a  broad  line 
of  distinction  separates  the  Insects  from  the  Vertebrates 
in  regard  to  the  organs  set  apart  for  this  particular  pur- 
pose. Thus,  whereas  in  Insects,  all  of  which  are  provided 
with  six  pairs  of  legs,  the  wings,  or  special  organs  of  Hight, 
are  frcijuently  four  in  number,  and  are  in  all  cases  dcvelojied 
from  the  back  of  the  body,  entirely  independent  of  the  legs  ; 
in  Vertebrates,  where  the  number  of  legs  never  exceeds 
four,  the  two  wings  are  always  formed  by  special  modifi- 
cation of  iho  first  pair  of  legs.  It  is  therefore  evident 
that  although  the  wings  of  Insects,  as  performing  similar 
functions,  are  analogous  with  those  of  Vertebrates,  yet, 
as  being  structurally  quit^  difl'erent,  they  are  in  no  sense 
homologous  with  the  same. 

The  special  modification  of  the  first  pair  of  legs  to  sub- 
serve the  purpose  of  flight  in  those  Vertebrates  which 
possess  this  power  iu  its  true  form,  may  be  taken  as  an 
indication  that  such  Vertebrates  have  originally  descended 
from  others  in  which  that  power  was  not  developed. 
Although  we  have  no  such  guide  in  the  case  of  Insects, 
yet  the  circumstance  that  in  all  those  kinds  which  undergo 
a  complete  metamorphosis  no  traces  of  wings  are  obser- 
vable in  their  larvse,  points  with  equal  clearness  to  the 
conclusion  that  those  creatures  have  been  likewise  derived 
from  crawling  ancestors,  and  that  their  power  of  flight  is 
an  acquired  one.  Those  Insects  which  are  unable  to  fly 
must  not,  however,  be  regarded  as  ancestral  forms,  since 
there  is  clear  evidence  that  their  wings  have  been  lost  or 
have  became  rudimentary.  It  has  been  already  mentioned 
that  while  all  flying  Vertebrates  have  only  a  single  pair 
of  wings,  many  Insects  are  provided  with  two  pairs  of 
these  organs  ;  and  from  the  tendency  among  Insects  for 
one  or  other  of  these  pairs  of  wings  either  to  disappear  or 
to  be  modified  for  other  purposes,  it  would  appear  that  a 
single  pair  is  decidedly  the  best  suited  for  flight. 

We  .shall  now  proceed  to  trace  some  of  tlie  chief  modi- 
fications in  the  organs  of  flight  in  the  difl'ercnt  groups  of 
animals,  commencing  witli  Insi'cis,  in  which,  as  already 
observed,  we  nevi'r  meet  with  spurious  flight. 

hi  all  the  iSeetles,  or  C'oleoptera,  whicli  form  the  first 
order  of  Insects,  the  front  pair  of  wings  are  nuKHfiid  into 


the  well-known  horn-like  wing-covers,  or  I'hjtra,  beneath 
which  the  membranous  second  pair  are  neatly  folded 
during  such  times  as  the  creatm'es  are  not  engaged  in 
flight.  In  some  kinds,  such  as  the  Stag-Beetle  and  the 
Water-Beetles,  these  wing-cases  are  long,  and  extend 
backwards  to  the  hinder  extremity  of  the  body  ;  but  in 
others,  like  the  well-known  "  Devil's  Coach-Hor.se,"  they 
are  extremely  short.  The  modification  of  the  front  wings 
into  wing-covers  clearly  indicates  that  Beetles  are  a 
highly  specialised  group  ;  the  extreme  development  of 
this  specialisation  occurring  iu  certain  species  like  the 
Oil  Beetle,  where  the  second  pair  of  wings  have  also 
become  rudimentary,  so  as  to  render  their  owner  incapable 
of  flight.  In  some  degree  a  confirmation  of  this  spe- 
cialisation is  aflbrded  by  the  circumstance  that  Beetles  are 
not  known  in  the  fossil  condition  so  far  down  in  the 
geological  scale  as  are  some  of  the  more  generalised 
groups  of  insects. 

In  the  Bees,  Wasps,  Ants,  and  other  members  of  the 
second  order  Hymenoirtera,  both  pairs  of  wings  are  mem- 
branous and  adapted  for  flight ;  the  front  pair  being, 
however,  considerably  the  larger  of  the  two.  In  the 
Caddis  Flies  and  other  Neuroptera,  both  pairs  of  wings 
are  likewise  fully  developed  and  membranous  in  structure, 
although  diSering  in  the  mode  of  arrangement  of  their 
veins.      jNIoreover,  the  hinder  pair  are  frequently  nearly 

as  large  as  the  front 
ones,  a  circumstance 
which  seems  to  indicate 
that  the  whole  group 
is  a  more  generalised 
one.  The  development 
of  the  well  -  known 
minute  scales  on  both 
pairs  of  wings  in  the 
Butterflies  and  Jloths 
readily  distinguishes 
the  Lepidoptera  from 
all  other  insects,  and 
likewise  suggests  that 
they  form  a  much  spe- 
ciaU-sed  modification  of 
the  class.  Still  greater 
.specialisation  as  re- 
gards their  organs  of 
flight  is,  however,  pre- 
sented by  the  Flies  and 
Gnats,  constituting  the 
order  Diptera,  in  which, 
while  the  front  pair  of 
wings  are  large  and 
membranous,  or  hairy, 
the  second  pair  are  reduced  to  small,  drumstick- 
like processes  termed  balancers,  or  Imluns,  which  are  of 
no  sort  of  use  in  flight,  and  are  typical  rudimentary 
organs.  The  specialisation  of  the  wing-structure  in  this 
group  is,  therefore,  exactly  the  opposite  of  what  occurs 
among  the  r>eetles,  where,  as  we  have  already  seen,  it  is  the 
first  pair  of  wings  which  takes  no  part  iu  flight.  In  the 
Cicadas  and  Bugs  (Fig.  1),  constituting  the  order  Khynchota, 
the  wings,  when  present,  arc  tour  in  number,  ^it  the  first 
pair  may  be  converted  into  horny  wing-covers,  as  in  the 
Beetles.  Like  those  of  the  next  order,  all  the  members  of 
this  group  difl'er  from  the  insects  mentioned  above  in  that 
they  do  not  undergo  a  complete  metamorphosis  before 
attaining  their  final  perfect  state.  The  last  order  that  we 
have  to  notice  is  the  Orthoptera,  in  which  are  grouped  the 
Cirasshoppers,  the  Cockroaches,  the  Karwigs.  the  Dragon- 
flics,    etc.      Except   in  a   few  parasitic    and   some   other 


Fio.  1. — Enlabged  View  of  a  Flt- 
«G  Bug,  with  the  Wings  closed. 
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forms,  all  these  insects  are  furnished  with  two  pairs  of 
wings,  which  dififer,  however,  greatly  in  structure.  Thus, 
while  in  the  Dratjon-llios,  wliich  in  this  respect  may  be 
regarded  as  tlio  more  generalised  representatives  of  the 
order,  both  pairs  of  wings  are  large  and  membranous  ;  in 
the  Grasshoppers,  Cockroaches,  and  Earwigs  the  front 
pair  are  leathery,  and  serve  as  wing-covers  to  the  hinder 
pair,  which  are  folded  beneath  them  in  a  beautiful,  fan- 
like  manner.  Whereas,  however,  in  the  Cirasshoppers 
the  first  pair  of  wings  still  take  some  small  share  in 
fiigbt,  in  the  Earwigs  they  are  extremely  small,  and  serve 
solely  OS  covers.  The  Earwigs,  tlicrcforc,  which  many 
people  believe  to  be  incai)able  of  flight,  represent  the 
extreme  of  wing-specialisation  in  this  group  of  Insects. 

This  closes  the  list  of  flying  creatures  found  among  the 
Invertebrates,  and  we  pass,  therefore,  to  the  Vertebrates, 
where  we  find  our  first  examples  of  flight  among  the  class 
of  Fishes.  In  this  group,  however,  in  spite  of  assertions  to 
the  contrary,  there  is  no  instance  of  true  flight;  such  fishes 
as  are  able  to  fly  at  all  merely  doing  so  after  the  spnrious 
manner.     The  longest  flights  are  made  by  the 


about  7  inches.  Its  sides,  limbs,  tail,  and  head  are 
furnished  with  loose  expansions  of  skin  which,  becoming 
inflated  with  air,  act  as  a  parachute  in  the  long,  flying 
leaps  which  the  creature  is  able  to  take  from  tree  to  tree. 
The  true  Flying  Lizards,  which  range  from  India  to  the 
Philippines,  have  their  parachutes  constructed  after  a 
totally  different  fashion.  In  these  creatures  the  last  five 
or  six  ribs  arc  greatly  elongated  to  support  an  expansion 
of  the  skin  of  the  flanks,  which  forms  a  fan-like  wing  on 
either  side.  The  late  Prof.  Moseley  described  tliese 
lizards  m  the  Philippines  as  flying  so  rapidly  from  branch 
to  brancli  that  the  extension  of  their  parachutes  could 
scarcely  be  observed  ;  and  also  states  that  some  kept  on 
board  ship  were  in  the  habit  of  flitting  from  one  leg  of  the 
table  to  another. 

Since  the  extinct  Flying  Dragons  or  Pterodactyles  of 
the  Mesozoic  epoch,  wliich  are  the  only  reptiles  capaljle  of 
active  flight,  have  been  described  at  length  in  a  previous 
article,  our  allusion  to  ihcm  will  here  be  brief.  These 
extraordinary  creatures,    as  shown  in    Fig.   3,    were  fur- 


FiG  2.— The  Flying  Fish 
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well-known  Flying  Fishes  (Fig.  2)  of  most  of  the  warmer 
seas,  in  which  the  flrst  pair  of  fins  are  greatly  elongated  for 
this  purpose.  These  fishes  rise  from  the  water  with  an 
upward  impulse  made  by  the  sides  of  the  body  and  fail, 
and  tliey  may  remain  above  the  surface  for  a  distance  of 
200  yards.  They  do  not  usually  reach  a  height  of  more 
than  a  few  feet  above  the  water,  although  they  occasionally 
spring  so  high  as  to  alight  on  the  decks  of  ships.  There 
are  few  more  beautiful  sights  than  to  watch  from  the 
bows  of  a  large  ocean  steamer  a  shoal  of  Flying  Fish  as  they 
rise  one  after  another,  witli  their  quick  meteor-like  flight, 
and  then  as  suddenly  disappear  beneath  the  dark  waters. 

Flying  Fish,  it  may  be  observed,  are  first  cousins  of 
the  common  Herring.  The  only  other  Fish  endued  with 
the  power  of  flight  are  the  Flying  Gurnards,  which  belong 
to  a  totally  different  group,  and  of  which  there  are  three 
kinds  inhabiting  the  Mediterranean  and  most  tropical 
seas.  All  of  them  are  larger  and  heavier  than  the  true 
Flying  Fishes,  although  they  fly  in  the  same  manner. 

It  has  been  stated  that  a  Frog  from  the  Malay  region 
uses  the  large  webs  on  its  feet  as  a  kind  of  parachute  in  its 
descent  from  the  trees  on  which  it  dwells  to  the  water, 
but  later  researches  do  not  lend  countenance  to  this  idea  ; 
and  our  next  examples  of  flight  must  accordingly  be 
drawn  from  the  class  of  true  Reptiles.  Among  living  Rep- 
tiles there  is  no  instance  of  true  flight,  although  two 
groups  are  endowed  with  the  power  of  spurious  flight. 
The  first  example  of  this  is  the  Flying  Gecko,  a  small 
lizard,  belonging  to  that  peculiar  group  so  well  known  in 
tropical  climates  from  their  habit  of  nmning  up  and  down 
the  walls  of  dwelling-houses.  The  Flying  Gecko  is  an 
inhabitant   of  Borneo,  Java,  Ac,  and  attains   a  length  of 


nished  with  tliin  membranous  wings,  which  were  supported 
in  front  by  the  arm  and  forearm  near  the  body,  and  at 
their  extremities  by  the  greatly  extended  joints  of  a 
finger  corresponding  either  to  the  ring  or  little  finger  of 
the  human  hand.  The  membranous  expansion  was  con- 
tinued down  the  sides  of  the  liody  to  embrace  the  legs  and 
the  upper  part  of  the  tail ;  while  in  at  least  some  of  those 
species  in  which  the  tail  was  long,  its  extremity  was  fur- 
nished with  a  racket-shaped  expansion  of  membrane  (as 
in  Fig.  2),  probably  used  as  a  kind  of  rudder  during  flight. 
Some  of  these  creatures  were  of  enormous  dimensions, 
having  an  expanse  of  wing  estimated  at  upwards  of  2.'j 
feet.  That  they  were  endowed  with  the  power  of  true 
flight  is  perfectly  evident  from  their  general  structure  ; 
as  is  especially  shown  by  the  strong  ridge  developed  on 
the  breast-bone  for  the  attachment  of  the  muscles  neces- 
sary for  the  down-stroke  of  the  wings.  Their  mode  of 
flight  was  probably  very  similar  to  that  of  Bats,  which 
they  appear  to  have  resembled  in  their  wing-membranes, 
although  the  support  of  these  membranes,  as  we  shall 
subsequently  see,  was  arranged  on  a  totally  different  plan 
in  the  two  groups.  It  is,  perhaps,  superfluous  to  add  that 
any  resemblances  existing  between  Pterodactyles  and 
Birds  are  solely  due  to  then-  adaptation  to  a  similar  mode 
of  life,  and  that  there  is  not  the  remotest  genetic  con- 
nection between  them. 

We  come  now  to  the  Birds,  in  which  true  flight  has 
attained  the  fullest  development,  and  the  whole  organiza- 
tion is  profoundly  modified  to  suit  the  exigencies  of  a 
more  or  less  completely  aerial  mode  of  life.  It  is  true, 
indeed,  that  certain  birds,  such  as  the  Ostrich,  Cassowary, 
and  Penguins,  are  totally  incapable  of   flight  ;    but  this 
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incapacity  is  certainly  an  acquired  one  in  the  last-named 
bird,  and  there  is  a  considerable  probability  that  it  was 
liicewise  so  in  the  two  former. 

The  great  peculiarity  whereby  Birds  differ  from  all 
other  animals  is  iu  the  presence  of  their  external  covering 
of  feathei-s.  A  feather,  as  we  all  know,  is  one  of  the  most 
iieautiful  objects  in  nature  ;  and  its  structure,  which  we 
may,  perhaps,  explain  in  a  later  article,  is  an  admirable 
instance  of  adaptation  for  a  particular  purpose.  The  uses 
of  feathers  are  two-fold.  In  the  first  place;  the  small 
ones  with  which  the  body  is  clothed  form  the  most 
perfect  covering  that  can  be  imagined  to  ensure  the  main- 
tenance of  the  high  bodily  temperature  so  essential  to  the 
active  existence  of  a  bird.  Then,  again,  the  larger  and 
stronger  feathers  of  the  wings  are  the  most  efficient 
instruments  for  obtaining  the  utmost  advantage  from  the 
resistance  of  the  air  to  their  strokes  during  flight.  The 
peculiar  nature  of  tlie  wings  of  Birds  may  be  summarised 
by  the  statement  that  whereas  all  other  animals  Hy  by 
means  of  expansions  of  the  skin  itself,  these  alone  tly 
iiy  means  of  sejiarate  outgrowths  or  processes  developed 
from  the  skin. 

(To  be  continued. ) 


ilcttcvs. 


[The  Editor  does  not  hold  himself  responsible  for  the  opinions 
statements   of  correspondents.] 


photographer  must  be  naturally  an  experimenter,  his 
difficulties  must  be  thought  out  and  conquered  as  they 
arise.  He  will  soon  find  the  exposures  necessary  to 
obtain  the  best  ell'ects.  For  the  Jloon,  .Tupiter  and  Saturn, 
in  the  principal  focus,  only  a  fraction  of  a  second  is 
necessary,  depending  on  the  aperture  and  focal  length 
of  the  telescope,  as  well  as  on  the  altitude  of  the  object 
above  the  horizon  and  the  clearness  of  the  uiglit.  Hence, 
these  objects,  as  well  as  the  Sun,  can  be  photographed 
without  a  driving  clock.  Dr.  von  Konkoly'sl  book  on 
Astronomical  Photography  contains  a  good  many  woodcuts 
of  instruments  and  apparatus,  but  they  are  not  such 
diagrams  that  a  reader  who  did  not  know  what  was 
represented  could  construct  an  instrument  from.  This 
book  is  also  four  years  old,  and  Astronomical  Photo- 
graphy has  made  great  progress  since  that  time.  I  would 
advise  any  intending  astronomical  photographer  to 
thoroughly  read  some  book  on  geometrical  optics,  and 
then  to  think  out  his  difficulties  for  himself. — A.  C. 
Ran  YARD.] 


To  the  Editor  of  Knowledge. 
Mackay,  Queensland,  March  21st,  1801. 

Sir, — Is  there  any  Kmilisli  work  treating  of  Astronomical 
Photography '? 

In  ti.  L.  C'hambers'  "  Handbook  of  Astronomy,"  Vol.  II., 
1800,  p.  116,  a  footnote  mentions  a  German  work, 
Konkoly's,  published  by  Halle,  1887,  as  the  only  work  on 
the  subject. 

People  who  live  iu  the  centres  of  population  can,  no 
doubt,  get  vied  riM-e  instruction  ;  those  in  distant  parts  of 
the  world  have  to  depend  upon  books,  and  there  seem  to 
be  none  on  this  subject. 

I  am  one  of  those  who  deeply  regretted  the  cessation  of 
Answers  to  Correspondents  in  1885,  and  of  Gossip  in  1888, 
which  alone  were  worth,  to  me,  twice  the  money  paid  for 
Knowledge.  I  liked  the  genially  caustic  pen  of  the  late 
lamented  R.  A.  Proctor,  and  his  way  of  making  personal 
friends  of  his  readers.     Your  obedient  servant, 

J.  GwEN  Davidson. 

[We  have  not  at  present,  as  far  as  I  am  aware,  any  book 
in  Isnglish  on  Astronomical  Photography.  A  very  charm- 
ingly illustrated  little  French  book  on  the  subject  was 
issued  in  1.SK7  by  Admiral  Mouchez,-  the  Director  of 
the  Paris  Observatory,  but  it  is  devoted  to  giving  an 
account  of  what  has  been  done,  rather  than  to  answering 
the  questions  which  I  imagine  Mr.  Davidson  would  like 
to  ask.  The  photographic  difficulties  which  the  astronomical 
photogi'apher  will  encounter  arc  dealt  with  in  a  legion 
of  text-books.  The  astronomical  dillicullies  involved 
in  the  accurate  mounting  of  his  equatorial,  and  the 
accurate  driving  of  his  clock,  cannot,  I  think,  be  dealt  with 
hy  any  copy-book   rules.     To  succeed,  the   astronomical 
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To  the  Editor  of  Knowledge. 

Dear  Sir, — Whilst  grateful  to  you  and  your  reviewer 
for  pointing  out  the  mistake  in  the  last  edition  of  my 
Celextial  Mutiona  (1  might,  perhaps,  demur  to  some  of  the 
remarks,  but  do  not  propose  to  do  so  at  present),  allow  me 
to  call  your  attention  to  an  error  in  the  same  number  of 
Knowledge  itself  (p.  01),  which  may  puzzle  many  readers. 
The  passage  runs  :  "  He  [Michell  in  I'hil.  Tntnx.  for  1767] 
concludes  that  there  must  be  some  physical  connection 
between  the  numerous  double  and  triple  stars  which  had 
already  l)een  discovered  by  Sir  WilUam  Herschel  .  .  .  ." 
Michell  makes  no  mention  in  his  paper  of  HerschePs 
discoveries,  nor  could  he  for  a  similar  reason  to  that  which 
prevented  a  distinguished  personage  from  seeing  a  Spanish 
fleet.  It  was  not  in  sight;  and  HerschePs  discoveries  had 
not  commenced  in  1767,  the  year  after  he  was  appointed 
organist  in  Batli. 

Yours  faithfullv, 
P.lackheatli,  May  (ith,  iSOl.  W.  T.  Lynn. 

[Michell's  reference  to  the  double  and  triple  stars  dis- 
covered by  Herschel,  is  in  ^  paper  published  in  the  I'hit. 
Trans,  for  1781.  The  fact  to  which  I  wish  to  call  atten- 
tion is  that  Michell's  remarkable  papers  were  written 
before  Herschel's  discovery  that  several  close  pairs  of  stars 
were  moving  round  one  another.  The  boldness  of  Michell's 
conclusion  that  there  must  be  a  physical  connection  be- 
tween close  double  stars  is  rendered  more  remarkable  by 
the  fact  that,  at  the  date  of  his  first  paper,  1767,  less  than 
a  hundred  of  such  pairs  of  stars  were  known.  Michell's 
words  in  his  first  paper  are  well  worthy  of  being  quoted  at 
length.  Ho  says,  at  p.  217  of  the  Vint.  Trans,  for  1767, 
after  speaking  of  certain  stars  which  appear  double  to  the 
naked  eye — 

"  If,  besides  these  examples  that  are  obvious  to  the 
naked  eye,  we  extend  the  same  argumeui  to  the  smaller 
stars  ....  which  appear  double,  treble,  &c.,  when  seen 
through  telescopes,  we  shall  find  it  still  infinitely  more 
conclusive,  both  in  the  particular  instances  and  in  the 
general  analogy  arising  from  the  frequency  of  them.  We 
may  from  hence,  therefore,  with  the  highest  probability, 
conclude   (the  odds   against    the   contrary  opinion    being 
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many  millions  to  one)  that  the  stars  are  really  collected 
to_G;etber  in  clusters  in  some  places,  where  they  form  a 
kind  of  system,  whilst  in  others  there  are  either  few  or 
none  of  them,  to  whatever  cause  this  may  be  owing, 
whether  to  their  mutual  gravitation,  or  to  some  other  law 
or  appointment  of  the  Creator ;  and  the  natural  conclusion 
fioni  hence  is,  that  it  is  highly  probable  in  particular,  and 
next  to  a  certainty  in  general,  that  such  double  stars  as 
appear  to  consist  of  two  or  moi-c  stars  placed  very  near 
together  do  really  consist  of  stars  placed  near  together, 
and  under  the  influence  of  some  general  law." 

Herschel  subsequently  greatly  enlarged  the  list  of 
telescopic  double  stars  which  he  sought  for  and  measured 
in  the  hope  of  finding  some  in  which  the  distance  and 
position  angle  might  vary  in  the  course  of  the  year, 
indicating  a  parallax  as  the  earth  moves  round  its  orbit. 
Dut  instead  of  finding  a  yearly  oscillation  in  the  distance 
and  position  angle  as  he  expected,  he  found  to  his 
surprise,  in  many  cases,  a  regular  progressive  change 
which  indicated  that  one  of  the  stars  was  slowly  describ- 
ing a  regular  orbit  round  the  other.  This  discovery  was 
annoimced  in  Herschel's  paper  in  the  L'liil.  Trans,  for 
lKO;-i  and  1804.  In  speaking  of  this  discovery  Herschel 
said  that  ho  "  went  out  like  Sanl  to  seek  his  father's 
asses,  and  found  a  kingdom,"  the  dominion  of  gravitation 
extending  to  the  stars.  .\  dominion  which,  it  should  be 
noted,  the  Eev.  -Tohn  llichcll  had  six-and-thirty  years 
before  prophesied  would  be  found  to  exist,  and  which  in 
his  paper  of  17S1  he  bad  still  more  coufideutlj'  asserted 
must  exist. — A.  C.  Ixanyaed.] 


STAlfdNAKV    RAinATIiiX    OF    MRTKORS. 
To  thf  EiUtar  of  Knowledge. 

Sir., — I  note  some  remarks  in  your  current  number, 
bearing  on  the  Stationary  Radiation  of  Meteors.  The 
difficulty  of  reconciling  this  feature  with  theory  is  well 
known,  and  the  question  has  been  debated  whether  the 
fixed  radiants  cannot  be  explained  by  successive  showers 
accidentally  placed  in  nearly  the  same  apparent  points  of  the 
firmament.  After  uivestigating  the  observational  part  of 
the  subject  as  fully  and  carefully  as  circumstances  allowed, 
I  found  that,  allowing  for  tiivial  errors  in  determining 
positions,  the  showers  occurred  from  identical  centres,  and 
coi-tainly  could  not  be  ascribed  to  chance  grouping. 

A  large  proportion  of  the  observed  radiant  points  are  of 
this  fixed  and  long-enduring  character.  As  a  rule  their 
individual  meteors  move  with  great  velocity  when  the 
radiants  are  near  the  earth's  apex,  but,  with  increasing 
distance  from  it,  their  speed  sensibly  moderates,  and  they 
finally  become  slow,  and  very  slow.  Thus  my  stationary 
radiant  at  47° -f  4-1°  yields  rcni  snift  streak-leaving  meteors 
in  .July  and  August,  while  in  November  and  December  they 
are  venj  shnr.  But  this  peculiarity  is  not  exemplified  in  all 
cases,  for  there  is  a  shower  at  01°+ 41)''  which  discharges 
very  swift  meteors  at  the  end  of  November  and  early  in 
.January,  whereas  in  September  I  have  recorded  them  as 
Hifift.  This  is,  however,  an  exception,  and  the  rule  appears 
to  be  that  the  showers  meeting  the  earth  give  swift  meteors, 
whUe  those  overtaking  it  give  slow  ones.  It  is  clear  from 
the  varied  phenomena  observed  both  in  the  major  and 
minor  systems,  that  one  and  the  same  explanation  will  not 
suffice  to  explain  them  all,  for  every  possible  diversity  of 
meteor  shower  may  exist  and  display  radiation  in  the 
firmament.  We  may  find  sporadic  meteors  of  great 
velocity,  and  coming  from  distant  space.  There  may  be 
hyperbolic,  parabolic,  and  elliptical  streams,  also  meteors 
comparatively  isolated,  and  forming  the  remnants  of  past 


groups  dismembered  by  planetary  perturbations,  for  the 
vicissitudes  which  these  small  bodies  encounter  must  be 
very  considerable.  Some  of  the  elliptical  streams  are  very 
wide,  and  of  this  the  August  Perseids,  with  their  shifting 
radiant,  afford  a  prominent  instance.  The  apparently 
stationary  shower  which  I  have  seen  at  various  times, 
coinciding  in  position  with  that  of  the  Perseids  on  August 
10th,  is,  of  course,  entirely  different  in  character  to  the 
cometary  shower,  and  needs  a  different  explanation.  The 
latter  presents  a  vastly  richer  display  as  well  as  a  moving 
radiant,  and  these  features  readily  distinguish  it  from 
contemporary  showers. 

We  require  a  vast  amount  of  additional  observation  in 
this  field.  If  an  energetic  observer,  living  in  a  finer 
climate  than  England,  took  up  the  subject,  and  watched 
the  sky  assiduously  for  several  years,  he  would  undoubtedly 
obtain  sufficient  data  to  clear  up  some  of  the  features  which 
now  present  such  difficulties.  I  do  not  tlsink  the  results 
of  past  observation  would  be  controverted,  but  that  the 
new  evidence  might  enable  satisfactory  theories  to  bo 
formed. 

As  to  the  accuracy  with  which  radiant  points  may  be 
determined,  I  believe  that  observers  of  long  experience  are 
likely  to  be  the  best  judges  of  this.  The  probable  error  is 
different  in  difl'erent  cases,  for  scarcely  any  two  observers 
exhibit  the  same  degree  of  skill.  Training  would  never 
make  some  individuals  accurate  in  this  difficult  branch  of 
work.  It  takes  fully  two  years  of  habitual  observation 
before  anyone  can  acquire  desirable  proficiency  in  record- 
ing meteors,  and  confidence  in  assigning  their  radiants. 
Speaking  for  myself,  I  believe  my  positions  are  within  2°, 
and  frequently  within  1",  of  the  real  centres.  I  should 
regard  2  as  a  lanjc  error  in  ascribing  the  radiant  of  a 
well-defined  meteor  shower.  The  Andromcdes  of  Novem- 
ber 27th,  with  their  widely-difi'used  radiant,  form  a  very 
exceptional  shower,  from  which  it  would  be  unsafe  to 
judge  of  the  character  of  others.  Many  of  the  minor 
systems  exhibit  contracted  and  sharply-defined  radiants 
which  may  be  accurately  determined  by  the  careful 
observer. 

Yom-s  faithfully, 

Bristol,  Mav  20th,  1S!J1.  W.  F.  Dexnixg. 


i[KTF.0R-EADIAXT8. 
To  the  Editor  of  Knowledge. 

Sir, — I  am  afraid  that  I  cannot  throw  any  light  on  the 
limits  of  error  as  regards  the  determination  of  meteor- 
radiants.  It  would  be  interesting  if  three  or  four  practised 
observers  would  make  their  observations  on  the  same 
night,  at  the  same  place,  and  then  compare  their  results. 
But  whatever  the  hmits  of  error  may  be,  I  do  not  see  that 
errors  would,  on  the  whole,  produce  a  greater  clustering 
of  meteor-radiants  than  if  the  positions  were  accurately 
known.  I  should  add  that  Mr.  Dennmg's  catalogue 
contains  only  positions  determined  by  observations  on  a 
single  night.  But  he  has  a  column  entitled  "  Other 
nights  of  observation,"  i.e.,  other  nights  on  which  meteors 
were  observed  as  coming  fi-om  the  radiant  thus  deter- 
mined, which  I  used  in  my  previous  letter.  The  number 
of  meteors  used  in  determining  the  radiant  is  in  each  case 
mentioned  in  bis  catalogue. 

I  did  not  intend  to  maintain  that  these  stationary  or 
long-enduring  radiants  are  in  all  cases  active  throughout 
the  year.  The  evidence,  at  present,  at  least,  does  not  go 
that  far.  But  the  reasons  for  not  obsernng  meteors  from 
particular  radiants  at  certam  seasons  of  the  year  are  pretty 
evident.     We  cannot  expect  to  trace  such  meteors  when 
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the  radiant  point  is  below  tlie  horizon  or  near  the  horizon 
at  the  usual  hours  of  observation  ;  and  as  Mr.  Denning 
tells  us  that  he  made  nearly  all  his  observations  looking 
East,  meteors  from  radiants  in  the  West  would  naturally 
be  passed  over.  Further,  I  do  not  think  that  where  the 
radiant  is  of  this  long-enduring  or  stationary  character, 
the  shower  is  of  uniform  intensity  throughout.  On  the 
contrary,  so  far  as  I  have  traced,  the  maximum  of  each 
long  enduring  shower  occurs  nearly  at  the  same  date  in 
successive  years.  The  showers  appear,  moreover,  to  be 
more  intense  in  some  years  than  in  others. 

I  wish  to  state  iu  conclusion,  that  I  never  disputed  in  any 
way  the  accuracy  of  Mr.  Denning's  observations.  I  only 
dilfer  from  him  as  to  the  classification  and  arrangement  of 
some  of  them. 

Truly  yours, 
10,  Earlsfort  Terrace,  Dublin.  W.  H.  S.  Monck. 


THE  FACE  OF  THE  SKY  FOR  JUNE. 

By  Herbert  Sadler,  F.R.A.S. 

THE  increase  in  solar  activity  still  continues.  During 
June  there  is  no  real  night  in  the  British  Islands. 
There  will  be  an  annular  eclipse  of  the  Sun  on 
the  afternoon  of  the  Gth,  which  will  be  visible  as  a 
partial  eclipse  at  Greenwich.  At  that  station  the 
eclipse  begins  at  5h.  2.2m.  p.m.,  the  first  contact  taking 
place  at  an  angle  of  88°  from  the  vertex  towards  the  west, 
reckoning  for  direct  image  ;  the  middle  of  the  eclipse  being 
at  5h.  'l(5'7m.  r.ai. ;  and  the  last  contact  taking  place  at 
Gh.  23'()in.  P.M.,  at  an  angle  of  5°  from  the  vertex  towards 
the  west ;  the  magnitude  of  the  eclipse  being  0-2IJ8.  Witli 
the  exception  of  an  exceedingly  small  eclipse  on  the  morn- 
ing of  March  2Cth,  1895,  the  next  solar  eclipse  visible  at 
Greenwich  will  not  take  place  till  June  8th,  1899. 

The  following  are  conveniently  ol).servable  times  of 
minima  of  some  Algol  type  variables  (c/.  "  Face  of  the 
Sky "  for  April  and  May)  :  U  Cephei. — June  2nd,  lOh. 
29m.  P.M. ;  June  7th,  lUh.  9m.  p.m.  ;  June  12th,  9h.  49m. 
P.M.  ;  June  17th,  9h.  28m.  p.m.  ;  June  22nd,  9li.  8m.  p.m. 
S  Cancri. — hme  11th,  lOh.  22ui.  p.m.  8  Libra\ — June 
14th,  Oh.  2Cm.  a.m.;  June  iHth,  midnight;  June  27th, 
llh.  H.'im.  P.M.  U  Coronie. — June  20tli,  llh.  49m.  p.m.  ; 
June  27th,  9h.  31m.  p.m.  U  Ophiuchi  (17h.  10m.  57s. -f 
1°  20').— Max.,  G-0  mag.  ;  min.,  G-7  uuig.  ;  period,  Od.  20h. 
7m.  41-60s.— June  4th,  lOh.  17m.  p.m.  ;  June  9th,  llh. 
3m.  P.M.  ;  Jime  14th,  llh.  48m.  p.m.  ;  June  15th,  7h.  5Gm. 
P.M.  ;  June  20th,  8h.  41m.  p.m.  ;  Jime  25th,  9h.  28m.  p.m. 
Y  Cygni  (20h.  47m.  47s.  4-34°  15').— Max.,  7-1  mag.; 
min.,  79  mag.  ;  period,  Id.  lib.  5Gm.  48s. — June  2nd, 
lOh.  Gm.  P.M. ;  June  5th,  lOli.  Im.  p.m.  ;  June  8th,  9li. 
5Gm.  P.M. ;  June  11th,  9h.  51m.  p.m.  ;  June  14th,  9h.  45m. 
P.M. ;  June  17th,  9h.  40m.  p.m.  ;  June  20th,  9h.  34m.  p.m.  ; 
June  23rd,  9h.  28m.  p.m.  ;  June  2Gth,  9h.  23m.  p.m.  ;  June 
29th,  91i.  18ni.  P.M.  Variable,  of  short  period,  not  of  Algol 
type.  t;  AquiliB  (19h.  4Gm.  52s.  +  0"  43).  Max.,  3-5 
mag.  ;  min.,  3-7  mag. ;  period,  7d.  4h.  14m.  Os.  June 
27th,  9h.  P.M.  Maximum  of  R  Hydra)  (rf.  "  Face  of  the 
Sky  "  for  February,  1889)  on  June  1st.  The  lines  of 
hydrogen  in  the  spectrum  of  this  star  appear  bright  near 
maxinuuu. 

Mercury  is  a  morning  star  throughout  June,  but  owing 
to  his  proximity  to  the  Sun  and  the  strong  twilight  pre- 
vailing he  is  not  very  favourably  situated  for  observation. 
He  rises  on  the  1st  at  3h.  13iii.  a.m.,  or  38m.  before  the 
Sun,  with  a  northern  declination  of  13'  2G'  and  an  apparent 
diameter  of  84",  just  three-tenths  of  the  disc  being  illumi- 


nated. On  the  16th  he  rises  at  2h.  48m.  a.m.,  or  56m. 
before  aimrise,  with  a  northern  declination  of  18°  53', 
and  an  apparent  diameter  of  6|",  six-tenths  of  the  disc 
being  then  illuminated.  On  the  30th  he  rises  at  3h.  9m. 
A.M.,  or  38m.  before  the  Sun,  with  a  northern  declination 
of  23°  54'.  and  an  apparent  diameter  of  5j-",  yy^j  of  the 
disc  being  then  illuminated.  He  is  at  his  greatest  western 
elongation  (23|'^)  on  the  evening  of  the  5th.  During  the 
month  he  passes  from  Aries  throughout  the  whole  length 
of  Taurus  into  Gemini,  but  without  approaching  any  con- 
spicuous star  very  closely.  Venus  is  also  a  morning  star 
this  month,  but  her  observation  is  rendered  difficult  by  the 
same  conditions  which  militate  against  the  visibility  of 
Mercury.  She  rises  on  the  1st  at  2h.  45m.  a.m.,  or  lb.  6m. 
before  sunrise,  with  a  northern  declination  of  13°  47'  and 
an  apparent  diameter  of  ll.V",  /..'o  of  the  disc  being  illumi- 
nated. On  the  30th  Venus  rises  at  2h.  24m.  a.m.,  or 
Ih.  23m.  before  the  Sun,  with  a  northern  declination  of 
22°  1'  and  an  apparent  diameter  of  lOV',  ^Vif  o(  the  disc 
being  then  illuminated,  and  the  brightness  of  the  planet 
being  only  one  quarter  of  what  it  was  on  January  8th. 
During  the  month  she  passes  from  Aries  into  Taurus. 
Mars  is  invisible. 

The  minor  planet  Vesta  (<;/'.  "  Face  of  the  Sky  "  for 
January,  1890)  comes  into  opposition  on  the  23rd,  and  but 
for  her  great  southern  declination  would  be  excellently 
placed  for  observation,  as,  with  one  exception,  this  is  the 
closest  approach  to  the  earth  that  she  has  made  during  the 
last  thirty  years.  Her  distance  from  us  at  opposition  is 
about  lOG, 655,000  miles,  and  she  is  visible  to  the  naked 
eye  during  the  whole  of  June,  though  the  proximity  of  the 
nearly  full  Moon  at  the  actual  date  of  opposition  will 
interfere  with  naked  eye  observation.  At  the  present 
opposition  she  attains  to  the  6*0  magnitude,  and  it  is  to  be 
hoped  that  search  will  be  made  with  powerful  telescopes 
in  the  South  of  l*;urope  and  the  I'nited  States,  both  by 
means  of  photography  and  by  eye  observations,  for  a  pos- 
sible satellite.  On  the  day  of  opposition  she  souths  at 
midnight  with  a  southern  declination  of  20^  ,  her  apparent 
diameter  being  about  1  J".  A  map  of  the  path  during  the 
month  will  be  found  in  the  KinjUsli  MirlHinir  for  May  8th. 
As  Jupiter  does  not  rise  till  llh.  9m.  p.m.  on  the  last  day  of 
the  mouth,  and  as  none  of  the  satellite  phenomena  are 
visible  at  Greenwich  till'  after  midnight,  we  defer  an 
ephemesis  of  him  till  July.  Saturn  is  an  evening  star,  but 
is  nearing  the  west  so  rapidly  that  he  should  be  looked  for 
as  soon  as  possible  after  sunset.  He  sets  on  the  1st  at 
3h.  9ni.  a.m.,  with  a  northern  declination  of  9^  27'  and  an 
apparent  ecjuatorial  diameter  of  174'  (the  major  axis  of  the 
rmg-system  being  40|"  in  diameter,  and  the  minor  3|"). 
On  the  30th  he  sets  at  llh.  13m.  p.m.  with  a  northerly 
declination  of  H^y,  and  an  apparent  equatorial  diameter  of 
IG'G"  (the  major  axis  of  tlie  ring-system  being  38j"  iu 
diameter  and  the  minor  3").  On  the  4th  lapetus  is  near 
his  greatest  eastern  elongation,  where  he  is  faintest.  On 
the  evening  of  the  Gth  Titan  is  eclipsed  by  the  shadow  of 
Saturn,  the  middle  of  the  eclipse  taking  place  about  7h.  30m. 
P.M.,  and  the  satellite  is  again  eclipsed  on  the  evening  of 
the  22nd,  the  middle  of  the  eclipse  being  at  about  Gh.  45m. 
P.M.  lapetus  is  about  3G"  north  of  Saturn  on  the  evening 
of  the  23rd.  Saturn  is  in  quadrature  with  the  Sun  on  the 
1st,  and  describes  a  short  direct  path  in  Leo  during  June, 
but  does  not  approach  any  conspicuous  star.  Uranus  rises 
on  the  1st  at  3h.  52m.  p.m.,  with  a  southern  declination  of 
10°  11'  and  an  apparent  diameter  of  3-0".  On  the  .SOth 
he  ri.ses  at  Ih.  55m.  p.m.,  with  a  southern  declination  of 
10°  r,  and  an  apparent  diameter  of  3-G".  He  describes  a 
very  short  retrograde  path  to  the  N.N.E.  of  86  Virginia 
during  the  month.     Neptune  is  invisible. 
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There  are  iio  very  woll  marked  showers  of  shooting  stars 
in  June. 

The  Moon  is  now  at  4h.  2Gm.  p.m.  on  the  0th  ;  enters 
her  first  quarter  at  Oh.  34m.  p.m.  on  the  1 1th  ;  is  full 
at  rih.  llim.  A.M.  on  the  22nd;  and  enters  her  last 
(juarter  at  llh.  IGm.  p.m.  on  the  2Hth.  She  is  in  apogee 
at  midnight  on  tlie  IHtli  (distance  from  the  earth,  251,225 
miles)  ;  and  in  perigee  at  5h.  a.Ai.  on  the  2Gth  (distance 
from  the  earth  228,850  miles).  The  greatest  western 
libration  takes  place  at  3h.  Om.  p.m.  on  the  7th,  and  the 
greatest  eastern  at  3h.  17m.  a.m.  on  the  20th. 


mxinnt  Column. 

l!y  W.  Mu.NTAGu  Gattie,  B.A.Oxou. 


Declining  to  Dkaw  the  Losing  Trump. 

THE  situation  in  which  it  is  bad  play  to  draw  the 
losing  trump  is  usually  defined  m  the  text-books 
as  that  in  which  one  adversary  has  a  long  suit 
established,  while  his  partner  holds  a  card  of  that 
suit  and  also  the  losing  trump.  Another  and 
somewhat  mure  complicated  case  arises  when  the  holder 
of  the  losing  trump,  although  void  of  tbe  estabhshed  suit, 
can  lead  another  suit  in  which  his  partner  has  a  card  of  re- 
entry. This  is  illustrated  by  the  following  hand  — 
Hand  No.   21. 


Score — Love  all. 

Z  turns  up  the  seven  of  hearts. 

Note. — A  and  B  are  partners  against  Y  and  Z.  A  has 
the  first  lead  ;  Z  is  the  dealer.  The  card  of  the  leader  to 
each  trick  is  indicated  by  an  arrow. 

TliICK    1 

Z 


o   o 


Tricks- 


0    0 


^^ 


Y 

-AH,  1  : 


YZ,  0. 


Tricks— AB,  2  ;  YZ,  0. 


Note.— The  only  diamond  Z  can  have  is  the  eight ;  A 
has  the  rest,  unless  B  has  begun  a  call  for  trumps. 

Thick  4. 


YZ,  ]. 


Note. — Trick  4. — With  trumps  declared  against  him,  and 
an  adverse  suit  already  established,  Y  prefers  not  to  open 
with  his  fourth  best  spade.  The  fall  of  the  cards  shows  that 
Y  has  the  knave  of  spades. 


Tricks— AH,  i;  YZ,  1. 


Tricks— AB,  5  ;  YZ,  1. 

Thick  s. 
Z 


Tricks— AB,  5  ;  YZ, 


Tricks— AB,  U  ;  YZ,  ?. 


Note.  —  Trick  8.  —  Y  retains  his  trump  to  ruff  the 
diamonds,  in  case  A  should  have  the  ace  of  spades.  After 
this  trick  it  is  clear  that  A  can  only  bring  in  the  diamonds 
by  winning  a  trick  in  clubs. 


z 


Thick   Hi. 
Z 


/' 


1*7^ 


\±I*\ 


4>     ^ 


0    o 


Tricks -AB.  6;  YZ,  3. 


Tncks—AB.  7  ;   YZ,  3. 


Note. — Trick  10. — If  Y  now  draws  the  Irump,  and  A 
should  afterwards  be  found  with  the  best  club,  he  will 
make  that  and  the  queen  of  diamonds,  and  A15  will  win 
the  game.  Z's  only  possible  spade  is  the  eight ;  and,  as 
he  can  only  have  one  diamond,  he  must  have  four  clubs, 
of  which  one  must  be  either  knave  or  ten. 

Thick   II.  Thkk  12. 

Z 


^ 

Z 

**^ 
4.    + 

[+_  + 
Y 

B 

4. 

0     <> 

9     <? 

2.  -2 

«"» 

0     0 

m 

rncks~^.\B.  S;   vz,  t. 


June  1,  1891.] 


KNOWLEDGE 


119 


7V),  fs— AH,  8  ;  YZ,  .",. 

AB  Score  Two  by  Cards  and  Two  by  Honours,  and 
YZ  Save  the  Game. 

A's  Hand.  B's  Hand. 

H.-Qu,  4.  H.— Kg,  Kn,  (!,  li. 

S.— Qn,  3.  S.— Ace,  Kn,  2. 

D.— Ace,  Qn,  Kn,  5,  1,  3.  D.— Kg,  0. 

C— Kn,  8,  3.  C— Qn,  9,  G,  2. 

Y'a  Hand.  Z's  Hand. 

H.— Ace,  10,  5,  2.  H.— 9,  8,  7. 

S.— Kg,  10,  9,  6,  5.  S.— 8,  7,  4. 

D.— 10,  7.  D.— 8,  6,  2. 

C— Ace,  Kg.  C— 10,  7,  5,  4. 

Remakks. — At  trick  7  B  argues  that  lie  cannot  win  the 
game  unless  he  and  A  can  make  two  tricks  in  clubs,  or 
unless  A  can  bring  in  the  diamonds.  Neither  result  is  at 
all  probable  unless  A  holds  an  honour  in  clubs,  and  in 
that  case  it  is  clearly  better  that  B  should  clear  the  way 
by  loading  his  queen.  B  therefore  treats  his  long  suit  as  if 
it  Were  a  short  one,  but  his  tactics  are  defeated  by  Y's 
refusal  to  draw  the  trump.  It  will  be  found  on  trial  that 
B  would  do  no  better  by  leading  a  small  club. 


<*0bcs0  Column. 

By  C.  D.  LooocK,  B.A.Oxon. 


The  Proprietors  of  this  Journal  propose  to  offer  a  sot  of 
Staunton  Chessmen  and  Box,  by  way  of  prize  for  a 
Knowi,ed(;e  Chess  Problem  Tournament,  in  connection 
with  this  Column.  The  Competition  will  begin  with  a 
problem  in  the  July  number.  Six  problems  will  decide 
the  result,  unless  a  tie  should  necessitate  one  or  two  more 
contests.  The  score  will  be  reckoned  by  points,  as 
follows  : — 

Two-move  prolilems : — For  correct  key-movo,  8  points  ; 
variations  unnecessary. 

Thrce-movf  jimhL'nis  : — For  correct  key-move  and  sirortd 
wovtx,  8  points.  Tiro  jiohits  will  he  dcilucted  for  e<ich  second 
more  oiiiittrd  or  incoircet.  Solutions  must  be  sent  in  by 
the  10th  of  each  month.  Should  a  problem  admit  of  a 
second  key-move,  two  additional  points  will  be  awarded  for 
the  discovery  in  the  case  of  two-move  problems,  and  four 
additional  points  in  the  case  of  three-move  problems. 
The  same  numher  of  marks  will  he,  ilcdueted  slioulil  the  claim 
be  incorrect. 

Intending  competitors  are  invited  to  send  for  insertion 
one  problem  of  their  own  composition,  not  previously 
published. 

The  composer  will  score  full  iiuirks  for  the  solution  of 
his  own  problem,  if  inserted  ;  but  if  other  solvers  should 
lind  a  second  solution,  he  will  score  none. 

To  CouuK.Ki'oNDENTS  ! — ( '.  J'.  lUiuiahard.  Q  to  R6  will 
not  solve  Mr.  Mortimer's  problem.  After  1.  .  .  .  Kt  to 
K3,  2.  Kt  to  Ktti,  KxKt,  there  is  no  mate.     Also  after 

1.  .  .  .  Kt  to  Ksq,  2.  Q  to  Bh,   lilack  saves  the  mate  by 

2.  .  .   .  Kt  to  (^lii !,  not   to   mention  the  check  with  tho 
Rook. 


A.  J.  Luishom.  If  1.  Q  to  R6,  Kt  to  K3 ;  2.  Q  x  Kt, 
R  to  K2  !,  pinning  the  Queen. 

Solution  of  Problem  [Bij  J.  H<irtimcr).  1.  Q  to  R7, 
Kt  to  K8,  2.  Kt  to  KtC,  etc.  The  other  variations  are 
obvious.  This  is,  strange  to  say,  the  only  problem  which 
Mr.  Mortimer  has  composed. 

PROBLEM. 

Black. 


White. 

White  to  play,  and  mate  in  two  moves. 
(A  very  easy  practice  problem.) 


CABLE    MATCH. 

Below  is  given  the  remainder  of  our  analysis  of  tho 
Two  Knights"  Game. 

Position  after  Black's  27th  Move. 
M.  TSCiriGORTX. 

V,\   MK     (11     |.ir,,0. 


White 

(10 

pieces) 

W,   S 

IKIMIZ. 

White. 

Black. 

(Stpinitz.) 

(Tschigorin.) 

28. 

Q  to  U8  (s) 

2H. 

Kt  to  B4 

29. 

B  to  Kr)  [t) 

29. 

(,)R  to  Ksq 

30. 

B  to  P.4  ( "  1 

80. 

Kt  to  Q5  ('■) 

81. 

Q  to  (,)3ch  (") 

81. 

B  to  K.-. 

82. 

QxKl  (.-■) 

82. 

R  X  P. 

88. 

P  to  B8  ivl 

88. 

QR  to  IvBsq 

84. 

q  X  HP 

.84. 

PtoB4!  ,c) 

3.'). 

Q  to  (}vri  \  1 1 

8",. 

Kt  to  B3 

3(!. 

P  to  l.)K:i 

8(;. 

11  X  Poll  (2) 

87. 

Ktxli 

87. 

R  X  Ktc-h 

8H. 

K  to  Kts(j 

38. 

BQ7 

89. 

Resigns  (8) 
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XoTKS. 

(s)  Mr.  Stcinit/.  riglitly  dfciiles  to  act  strictly  on  the 
(lefeusive.  The  ohjeet  of  this  move  is  chiefly  to  defend  the 
QKtP  in  case  he  gets  time  for  P  to  QR3.  It  also  allows  a 
check  at  Q3,  iu  case  of  need.  He  dare  not  play  immediately 
28.  P  to  QR3  on  account  of  28.  .  .  .  KtB4  ! ;  29.  BKt2 
(after  29.  PxB.  KtxB,  Black  wins  easily);  29.  .  .  . 
QEKsq;  80.  QQ7,  KtK6  ch  ;  31.  KK2,  KtQB !  dis.  ch. 
mating  or  winning  the  Queen. 

(t)  29.  BKt2,  QRKsq,  would  leave  him  no  defence. 
Nor  could  he  allow  the  Bishop  to  he  exchanged  at  K3. 

(«)  Ohviously,  if  30.  PKB4.  R  x  B,  31.  PxR,  KtKt6 
mate.     30.  P>Kt3  would  also  lose  speedily. 

(r)  Preventing  KtK2.  After  30.  .  .  .  RK5;  31.  KtK2, 
KtQ5  ;  32.  KtxKt,  QR  x  B  ;  33.  KtKG,  RxP  ch  ;  34. 
KKtsq,  KRBG  :  35.  QR4,  Black  has  to  waste  time  in 
freeing  his  Bishop. 

(»•)  For  QKtS  see  note  (x\.  If  31.  B  x  P,  PxB;  32. 
QQ7  eh,  EK2  ;  38.  Q  x  Kt,  RKKtsq  wins,  as  pointed  out  in 
the  Daily  Neirs. 

(.,■)  32.  QKt8  loses  hy  PKKt4  ;  33.  BBsq  !  (otherwise 
KtB4  followed  by  PKt5  wins  at  once),  33.  .  .  .  KtB7  ch 
winning  the  exchange. 

(//)  Not  QxRP  on  account  of  ...  .  RKtu,  34.  rB8, 
BQG  ch,  and  35.  .  .  .  RKt4. 

(j)  Shutting  out  the  Queen  for  the  remainder  of  the 
game.  Mr.  Tschigorin  judiciously  reserves  the  capture  of 
the  KBP.  After  the  exchange  of  pieces  Black  has  only  one 
check,  for  the  Queen  could  sacrifice  herself  for  two  Rooks. 

(1)  35.  PQR3  is  useless  on  account  of  KtB3  (not  Kt  x 
KtP  ;  3G.  P  x  B,  R  QRsq.  ;  37.  Q  x  R,  etc.) 

(2)  A  beautiful  and  unexpected  move,  which  forces  a  win 
in  a  few  moves. 

(8)  QKtG  is  the  only  move  to  save  the  Queen.  Black 
would  then  mate  in  six  moves. 

Mr.  Tschigorin's  play  throughout  could  hardly  be  im- 
proved on. 


The  Evans  Gambit  was  also  resigned  by  Mr.  Steinitz  at 
the  same  time. 

Only  one  move  on  each  side  was  made  since  the  publica- 
tion of  the  diagram  in  the  May  number,  viz.,  3G.  .  .  . 
K  to  Ktsq. ;  37.  P  to  QG. 


IHiKjrain  aj  the  final  position. 
Black  (9  pieces). 


■\Vbite  (10  pieces). 

Black  ivxii/ns, 
[For  if  37.  .  .  .  Q  to  B5  ;  38.  R  x  P  cb,  B  x  R  (K  x  R 
leads  to  the  loss  of  the  Queen  in  four  more  moves)  ;  39. 


Q  X  R  ch,  K  to  R2  ;  40.  Q  to  R5  ch,  BR3  (otherwise  the 
Pawn  goes  to  Queen) ;  41.  Q  to  B5  ch  ;  and  42.  Q  to  K3, 
winning  easily.  [ 


Mr.  Steinitz  has  put  his  two  most  recent  eccentricities  to 
a  crucial  test,  with  an  unsatisfactory  result.  The  two 
defences  are  not  only  purposeless,  but,  as  pointed  out  in 
the  Chess  Mimthltj,  inconsistent  with  each  other.  In  the 
one  case  Mr.  Steinitz  moves  a  piece  to  a  bad  square  in  order 
to  be  attacked;  in  the  other  case  he  does  the  same  thing  in 
order  not  to  have  the  piece  attacked.  In  each  case  the 
defence  is  made  more  difficult  than  is  necessarv. 


Theory  of  the  Chess  Openinys.  By  G.  II.  D.  Gossip. 
(Messrs.  W.  H.  Allen  &  Co.)  This,  the  author's  third 
treatise  on  the  subject,  is  the  latest  contribution  to  English 
chess  literature.  The  book  is  of  prepossessing  exterior,  the 
brilliant  colour  of  the  binding  being  rendered  still  more 
brilliant  by  a  diagram  of  what  is  variously  described  in 
the  introduction  as  "  Mr.  Gossip's  historically  magnificent 
performance,"  or,  more  briefly  (but  in  larger  t}^e), 
Gossip's  Brilliant  Matk.  TTliis  is  a  position  taken  from 
a  game  in  the  American  Tournament  of  1889,  which,  in 
Mr.  Gos.sip's  opinion,  should  have  taken  the  brilliancy 
prize.]  The  author  has  adopted,  for  the  first  time,  tho 
column  arrangement  of  variations.  The  experiment  is 
not  altogether  a  success  :  the  columns  appear  to  have 
been  arranged  regardless  of  natural  sequence,  and  in  at 
least  one  case  have  been  repeated  word  for  word.  The 
analytical  portion  of  the  work  is  satisfactory  on  the  whole. 
Perhaps  Mr.  Steinitz  has  been  too  unquestioningly  fol- 
lowed. The  author  might  certainly  "  venture  to  ditfer  " 
more  often  than  he  does.  The  work  is  mainly,  as  it  pro- 
fesses to  be,  a  compilation  from  all  the  modern  sources, 
but  much  of  it  is  the  author's  own.  Especially  noticeable 
is  the  adequate  treatment  of  the  Vienna  opening,  several 
branches  of  which  have  been  hitherto  strangely  neglected. 
The  book  teems  with  personal  controversy,  more  entertain- 
ing than  instructive,  vindication  of  capability  being  the 
main  topic  ;  but,  judged  simply  from  a  chess  point  of 
view,  it  is  of  undeniable  value,  being  exhaustive  and 
thoroughly  up  to  date.  The  price  is  extremely  moderate, 
and  the  printing  and  binding  excellent. 
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GNATS,  MIDGES  AND  MOSQUITOS.-I. 

I'.Y    !',.   A.    lirTI.RK. 

UNDER  these  names  are  included  a  variety  of  small, 
delicately  constructed  flies,  the  very  types,  in  the 
insect  world,  of  slenderness,  grace,  and  fragility, 
lint  fairy-like  elegance  of  form  is  no  guarantee  of 
gentleness  of  disposition,  and  it  is  united,  in  the 
case  of  •«*»'('  of  these  insects,  with  n  persistence  and  hardi- 
hood in  attack,  and  a  bloodthirstiness  of  nature,  that 
make  them  some  of  the  most  intolerable  of  pests.  In  this 
country,  it  is  true,  we  are  now,  for  reasons  which  will 
appear  later  on,  tolerably  free  from  annoyance  on  their 
part ;  but  as  they  are  world-wide  in  distribution,  ranging 


from  the  tropics  to  the  Arctic  zone,  there  are  many  less- 
favoured  lands,  in  which  they  still  exist  in  countless 
myriads,  and  in  which  their  extermination  would  be 
bailed,  whether  justifiably  or  not,  as  an  unmixed  blessing. 
They  form  a  sub-section  of  the  enormously  extensive  order 
of  Diptera,  or  two-winged  tlies,  an  order  which  is  probably 
responsible  for  the  infliction  of  a  larger  amount  of  suffering 
and  annoyance  upon  human  beings  and  other  vertebrate 
animals  than  can  be  charged  upon  any  other.  At  least 
two  very  distinct  types  of  Diptera  may  be  recognised  ;  on 
the  one  hand,  there  are  stout-bodied  and  comparatively 
short-legged  flies,  with  minute  and  curiously  shaped 
antennae  like  those  of  the  blow-fly,  and  on  the  other, 
slender-bodied  exceedingly  long-legged  flies,  with  antenna; 
of  ordinary  size  and  of  less  extraordinary  shape.  To  the 
former  division  (/>'/v;(7i//cf;r(  =  short-horns)  are  referred  the 
house-flies  and  allied  insects  discussed  on  a  former  occasion 
in  our  papers  on  "  House-flies  and  Bluebottles,"  as  well  as 
hosts  of  others  less  familiar  ;  while  to  the  latter  {Xt'tnocera 
=  thread-horns)  belong  a  weak-limbed  and  fragile  gi'oup, 
the  daddy-long-legs  or  crane-flies,  together  with  the 
numerous  kinds  of  gnats,  mosquitos,  midges,  merry- 
dancers,  &c.  (though  not  the  equally,  or  even  still  more, 
fragile  May-flies  or  day-flies).  It  is  with  the  section 
Nemocera,  therefore,  viz.  the  "thread-horned"  flies,  that 
we  are  now  concerned. 

There  is  amongst  the  members  of  this  group  a  striking 
variety,  both  as  to  habits  and  life-history.  Some,  in  their 
early  stages,  lead  an  active  life  in  the  water  ;  others,  of  a 
more  sluggish  temperament,  inhabit  fungi  or  rotten  wood  ; 
others,  again,  like  the  notorious  Hessian  fly,  are  parasitic 
on  plants,  producing  gall-like  excrescences  within  which 
they  reside  ;  while  yet  others,  hke  the  daddy-long-legs, 
whose  larvfe  are  the  detested  '-leather-jackets"  of  the 
gardener,  live  underground,  devouring  roots  of  plants  as 
well  as  vegetable  refuse.  It  might  be  expected  that,  with 
such  diversity  of  habits,  there  would  be  correspondingly 
great  differences  of  form  in  the  adult  insects.  Such,  bow- 
ever,  can  scarcely  be  said  to  be  the  case,  and  thus  many 
that  are  superficially  similar  in  the  adult  condition  may 
have  passed  through  their  preliminary  stages  under  totally 
different  circumstances.  This  fact,  coupled  with  the 
fragile  and  easily  damaged  structure,  and  consequent 
difficulty  of  preservation,  the  obscure  colours,  and  the  com- 
paratively unmarked  characters  of  the  perfect  insects, 
makes  the  nice  discrimination  of  species  a  very  diihcult 
task,  and  it  is  not  surprising  that  the  popular  judgment 
has  declined  this  task,  and  has  seen  in  all  these  different 
creatures  but  varieties  for  which  three  or  four  names  at 
the  outside  will  suffice.  Our  first  business,  therefore,  must 
be,  as  is  usually  the  case  in  dealing  with  insects  under 
their  popular  names,  to  define  our  terms,  and  to  say  what 
insects  we  include  and  what  we  exclude,  and  in  what  sense 
we  use  the  terms  "  gnats,  midges,  and  mosquitos." 

Without  in  the  least  attempting  accurately  to  distinguish 
species,  it  may  suffice  to  say  that,  when  we  speak  of  gnats 
and  mosquitos  as  household  pests,  we  do  not  by  any  means 
refer  to  all  gnat-Uke  creatures,  nor  even  to  all  which  would 
commonly  bo  called  gnats,  but  only  to  such  as  belong  to 
one  particular  family,  the  Ciiliridtr,  and  which,  by  their 
blood-sucking  propensities,  trouble  mankind  indoors,  either 
in  this  country  or  elsewhere.  Nor  shall  we  draw  any 
definite  line  of  distinction  between  gnats  and  moscjuitos. 
It  is  often  imagined  that  mosquitos  are  creatures  confined 
to  warm  climates  and  having  nothing  to  represent  them  in 
this  country  ;  but  the  fact  is  that  the  difl'erence  between  a 
gnat  and  a  mos(iuito  is  little  more  than  one  ot  name.  To 
an  entomologist  they  are  practically  the  same  thing ;  both 
are  members  of  the  same  genus,  ( 'itlix.  and  the  difference 
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is,  at  the  outside,  not  more  than  that  between  closely 
allied  species.  It  is  true  that  the  virulence  of  the  "  bite  " 
of  these  creatures  in  tropical  countries  is  much  greater 
than  it  is  here  ;  ;nid,  when  one  remembers  the  frightful 
effects  that  are  sometimes  produced  on  the  human  body 
by  these  little  pests,  and  the  strenuous  efforts  that  are 
made,  and  the  elaborate  precautions  that  are  taken, 
whether  in  the  way  of  oily  unguents,  of  curtains  and  nets, 
or  even  of  burying  the  body  in  the  sand,  to  guard  against 
their  attacks,  it  is  no  doubt  disappointing  to  discover  that 
after  aU  there  is  nothing  so  very  remarkable  in  the 
creatures,  and  that  they  can  hardly  be  distinguished  from 
insects  ^nth  which  we  are  familiar  at  home.  Nevertheless, 
it  is  a  fact,  which  we  must  constantly  bear  in  mind,  that 
the  insects  to  which  these  names  are  applied  are  to  all 
intents  and  purposes  identical  both  in  structure  and  in 
life-history,  and  we  are  therefore  justified  in  making  no 
distinction  here.  Moreover,  there  is  no  doubt  that,  even 
in  the  matter  of  virulence,  our  own  gnats  vary  a  good  deal, 
both  according  to  season  and  to  the  temperament  and  sen- 
sitiveness of  the  person  attacked.  "We  must  not,  however, 
fail  to  note  that  there  are  other  flies,  belonging  to  difierent 
families,  that  are  also  blood-suckers,  and  in  some  cases 
are  ahnost  as  troublesome  as  the  true  gnats  and  mosquitos. 
This  is  specially  the  case  with  the  small  flies  called  Simvlia, 
which  are  closely  allied  to  the  family  Culiridn-,  and  are,  it 
w^ould  appear,  sometimes  called  mosquitos  in  America. 
Such  insects,  however,  are  not  referred  to  here,  and  what 
we  have  to  say  about  "  gnats  and  mosquitos ''  concerns 
only  the  family  CuliriiUe,  and,  in  fact,  the  genus  Cith-.r. 

Of  the  term  "  midges  "  it  is  somewhat  more  difficult  to 
fix  the  application  ;  it  is  indiscriminately  used  of  at  least 
two  types  of  flies,  quite  distinct  from  one  another,  one,  in 
most  respects  except  persecuting  powers,  similar  to  the 
gnats  and  mosquitos,  the  other  very  different  in  appear- 
ance, and  at  first  sight  more  like  tiny  moths  than  flies  ; 
but  it  appears  also  to  be  popularly  used  in  a  loose  manner 
for  small  and  annoying  insects  of  whatever  kind,  without 
any  definite  conception  as  to  the  actual  form  intended.  It 
is  obvious,  therefore,  that  when  the  entomologist  hears 
people  talking  vaguely  of  gnats  and  midges,  it  is  not 
always  easy  to  understand  exactly  what  insects  are  being 
referred  to. 

With  these  preliminary  precautious,  and  bearing  in  mind 
that  not  every  small,  long-legged,  fragile  fly  is  a  gnat  in 
the  sense  in  which  the  word  is  here  used — i.e.,  a  blood- 
sucking gnat — we  may  now  proceed  to  consider  first  what 
sort  of  being  a  blood-sucking  (jnat  or  iiios(]>titii  really  is, 
referring  afterwards  to  those  which  seem  to  be  more  cor- 
rectly called  iiiidi/is.  The  photogi-aphs  on  the  accom- 
panying page  will  give  a  pretty  good  idea  of  the  general 
form  of  a  gnat.  A  small  head,  a  considerable  portion  of 
which  is  occupied  by  the  compound  eyes,  is  attached  by 
means  of  a  short  neck  to  a  huge  globular  thorax,  so  dis- 
proportionately large  as  to  give  the  insect,  when  viewed 
sideways,  a  hump-backed  appearance.  Behind  this  the 
trunk  is  completed  by  a  long,  slender,  cylindrical  abdomen. 
A  long,  straight,  beak-like  appendage,  carrying  the  mouth 
oigans,  points  forward  from  the  head,  and  a  pair  of  more 
or  less  tufted,  thread-like  antennae  fonn  an  excellent  head- 
gear, counterbalancing  this  above.  From  the  upper  part 
of  the  thorax  spreads  at  each  side  a  single  membranous 
wing,  exquisitely  delicate,  and  gi-acefuUy  fringed  along  its 
hinder  edge ;  the  place  of  the  customary  second  pair  is 
taken  by  the  "  poisers,"  long  knobbed  stalks,  as  ah-eady 
described  in  the  other  di\-ision  of  flies,  but  proportionately 
much  larger  than  in  those.  From  the  under  surface 
of  the  thorax  start  the  three  pairs  of  inordinately  long 
legs,  upon  which,  when  at  rest,  the  body  is,  as  it"  were, 


slung  up  off  the  ground,  as  if  on  springs.  Though  the  legs 
consist  only  of  the  ordinary  parts,  yet  the  divisions  seem  at 
first  sight  to  be  more  numerous  than  usual,  by  reason  of 
the  great  proportionate  length  of  some  of  the  parts,  and 
particularly  of  the  tarsi,  or  feet,  which  in  the  hind  pair 
constitute  more  than  half  the  entire  length  of  the  leg,  the 
leg  itself  becoming  nearly  three  times  as  long  as  the  abdo- 
men.    The  insect  is  beautified  by  the  addition,  on  various 

parts  of  the  body,  of 
minute  iridescent 
scales  (Fig.  1), similar 
to  those  of  butterflies 
and  moths  ;  rows  of 
them  adorn  the  wings, 
especially  along  the 
Fig-  1-  nervures. 

A  marked  difference  appears  between  the  sexes.  The 
male  can  be  distinguished  by  the  extraordinary  development 
of  the  antenn;e,  which,  as  frequently  in  insects  of  that  sex, 
are.  if  one  may  judge  from  their  structure,  far  more  deUcate 
organs  of  sense  than  those  of  his  mate.  The  antennre  of 
the  female  consist  of  a  string  of  cylindrical  joints  like  long 
beads,  each  provided  with  a  circlet  of  fine  hairs  of  no  very 
great  length.  Those  of  the  male,  however,  while  similarly 
constructed,  have  the  brushes  much  longer  and  more 
thickly  set,  especially  at  the  base,  for  the  extreme  tip  is 
almost  bare.  In  the  photograph  the  hairs  of  the  female 
are  indistinct  through  their  extreme  tenuity,  and  the 
charming  symmetry  of  form  and  arrangement  which  those 
of  the  male  naturally  exhibit  is  unfortunately  destroyed 
because  the  insects  have  been  preserved  in  balsam,  and  it 
is  impossible  then  to  ensure  that  appendages  so  dehcate 
should  be  spread  out  with  all  the  hairs  in  proper  position  ; 
no  conception,  therefore,  of  their  great  beauty  can  be 
formed  fi'om  a  specimen  so  preserved. 

The  greatest  interest,  of  course,  attaches  to  the  pro- 
boscis, for  herein  are  contained  the  weapons  of  attack. 
In  this,  again,  the  sexes  difi'er  greatly,  and  it  is  against 
the  female  only  that  the  charge  of  blood-sucking  can  be 
substantiated.  The  male  is  an  inoffensive  creature,  and 
usually  remains  in  his  native  haunts,  not  invading  our 
apartments  ;  for  it  must  be  remembered  that  these  flies, 
like  those  treated  of  before,  pass  their  early  stages  out  of 
doors  and  enter  our  houses  only  when  fully  grown.  The 
straight,  cylindrical  spike  projecting  from  the  head,  though 
itself  no  thicker  than  a  hair,  is  a  tube,  or  rather  trough, 
terminated  by  two  small  fleshy  lips,  the  dwarfed  represen- 
tatives of  the  two  large  folding  leaves  which  terminate 
the  proboscis  of  the  blow-fly.  This  tube  represents  the 
labium  of  the  normal  insect's  mouth,  and  concealed 
within  it  lie  the  much  finer  picrciiii/  organs  ;  for  the  so- 
called  "  bite,''  like  that  of  the  bed-bug,  consists  really  of 
a  boring  and  sucking  operation.  Along  by  the  upper  slit 
of  the  trough  lies  a  long  bristle-shaped  organ,  which 
represents  the  labrum,  or  upper  lip,  and  of  course  all  the 
rest  of  the  mouth  organs,  except  the  palpi,  he  between  this 
and  the  labium,  i.r.,  in  the  trough  of  the  latter.  The 
mandibles  and  maxilla?,  which  in  insects  that  feed  on 
solid  food  are  efficient  biting  weapons,  are  here,  as  in  the 
bed-bug,  replaced  by  fom-  fine-pointed,  needle-like  bristles, 
the  maxillie  being  further  barbed  at  the  tip  like  a  savage's 
spear,  and  the  mandibles  slightly  broadened  into  a  lancet- 
shaped  tip.  Besides  these,  another  piercing  bristle  is 
found,  which  is  an  appendage  of  the  labium  itself.  Thus 
there  are  no  less  than  six  boring  organs,  all  contained 
within  a  sheath  which  is  itself  almost  of  hairlike  fineness. 
The  sheath  itself,  like  so  many  other  parts  of  the  body,  is 
beautifully  ornamented  outside  with  abundance  of  battle- 
dore-shaped scales.     At  its  base  are   two    short  jointed 
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Female  G-nat  oe  Mosquito,  magnificil  almul  five  diameters. 
The  rod-like  projection  from  the  he-nl  ix  ll:r  hiliinm.from  irhicJi 
one  of  the  stiilcts^jyrolMhlii  thetahriim.issij>fi,nh,l  hinentli  ;  the  other 
piercinff  orr/ans  lie  within  it.  The  nn',i>i/r  .muil Im-ii  pirlpi  run  l/e 
seen  at  the  //rise  of  the  labium  as  tiro  little  ih'rk  sirfihs.  mi:'  nhore.the 
other  heloio.  The  nervures  of  the  trii/t/s  look  Ihirk  tnni  rlitmli/  hecaiise 
of  the  senles  that  lie  aloni;  them.     Tins  insert  "hites"  i.e.,  siirhs  hloud. 


Male  G-xat,  magnified  about  five  diameters. 

The  rod-liJce  labium  is  seen  as  in  the  female,  but  the  maxillari/ 
palpi  are  enormously  elongated,  and  are  broadened  and  f ringed  at  the 
tip  lii-e  twq  flubs,  above  and  below  the  labium.  The  nntennre  are 
deeply  fringed.     This  insect  does  not  "  bite." 


Lauva  of  G-xat,  magiiilied  alunil  toi;  diametors. 
The  broad  head  and  thorax-  are  followed  b;i  the  cylindrical  liody. 
in  which  the  dark  dii/exlire  tube  is  seen.  At  the  lower  end  (tail) 
n  branch  projects  at  an  angle,  carrying  within  it  the  main  trachea 
or  breathing  tube,  the  entrance  to  which  is  at  the  ex-treme  lip  on  the 
left. 


Pvv.\  OF  (jXAT,  magnified  about  ten  diameters; 
The  tail  is  furnished  with  two  transparent  .steering  and  swimming 
ptddle.i,  and  from  the  back  of  the  thorax-  arise,  as  two  horns,  the  two 
:>/)enings  to  the  breathing  apparatus  (thoracic  tpiracle.i).  Legs  and 
ii-inqs  can  be  seen  folded  up  under  the  thin  transparent  sfrin  of  th^ 
lhora.r. 


MALE    AND    FEMALE    GNAT    OR    MOSQUITO,    with    Larva    and    Pupa,    from    photographs    lent    by 

Newton    &    Co.,   of    Fleet    Street. 
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organs,  the  maxillary  palpi,  representatives  of  the  two 
iinjointed  red  clubs  which  are  such  conspicuous  appendages 
of  the  mouth  of  the  blow- fly.  This  straight,  unjointed 
spike  is,  at  first  sight,  as  different  as  could  well  be 
imagined  from  the  elbowed,  broad-tipped  apparatus  with 
which  the  house-fly  and  the  blow-fly  sip  their  hquid 
nutriment ;  jet  both  are  but  extreme  modifications  of  the 
same  plan,  the  rasping  and  sucking  elements  being  carried 
to  the  summit  of  perfection  in  the  one  case,  and  the  boring 
or  piercing  ones  in  the  other.  Many  intermediate  forms 
may  be  seen,  as  in  the  drone-flies,  breeze-flies,  wasp- 
flies,  and  others  which  have  no  popular  names,  and  a  very 
interesting  series  showing  the  gradations  might  without 
much  difticulty  be  prepared. 

Now  how  is  this  collection  of  weapons  used  ?  The  little 
insect  drops  gently  and  daintily  down  on  to  the  spot  it  has 
selected  for  its  attack,  and  the  descent  of  so  light  and  airy 
a  being  is  likely  to  leave  the  victim  unconscious  of  its 
presence,  unless  he  has  actually  seen  it  settle.  Then  the 
proboscis  is  pointed  downwards,  and  the  tiny  lips  that  form 
its  tip  pressed  against  the  flesh.  The  bristles  withia  the 
gutter-like  sheath,  being  then  pressed  together  into  one 
solid  boring  implement,  their  common  tip  is  forced  down 
on  the  flesh,  and  as  they  enter  the  wound,  the  trough  in 
which  they  were  lying  separates  from  them  in  the  middle, 
and  becomes  bent  towards  the  insect's  breast,  the  two  little 
lips  all  the  while  holding  on  tight.  The  greater  part  of 
the  length  of  the  stilettos  is  then  plunged  into  the  victim's 
flesh,  and  the  blood  is  drawn  up  the  flne  interstices  of  the 
composite  borer.  The  wound,  though  six  instruments  are 
concerned  in  making  it,  is  extremely  minute. 

8o  far,  our  description  has  concerned  the  proboscis  of 
the  female  gnat  or  mosquito  only.  That  of  the  male  is 
somewhat  different.  There  is  still  the  straight  stick-like 
labium,  but  the  palpi  are  greatly  elongated,  running  along 
by  the  sides  of  the  tubular  proboscis  as  far  as,  or  even 
beyond,  its  tip,  and  tufted  at  the  end.  A  fine  rod-like 
organ  may  be  separated  from  the  labium,  but  whatever 
else  the  insect  may  have  in  this  way,  it  does  not  use  for 
sucking  blood,  being  in  fact  perfectly  harmless. 

In  their  earlier  life  these  insects  inhabit  ponds  and  stag- 
nant water  generally.  The  larva  and  pupa  are  shown  in 
the  accompanying  photograph.  The  former,  an  odd- 
looking,  big-headed,  wriggling  creature,  swims  about  head 
downwards,  devouring  all  sorts  of  organic  refuse  in  the 
water,  coming  to  the  surface  to  breathe  through  the 
opening  at  the  end  of  the  tail-branch.  The  pupa  also 
swims  about,  but  with  its  head  upwards,  and  though 
active,  it  takes  no  food.  It  requires  to  come  to  the  surface 
occasionally  for  air,  which  is  taken  in  at  the  two  little 
projecting  horns  on  the  thorax.  Fuller  details  of  these 
early  stages  and  of  the  entire  life-history  must  be  reserved 
for  our  next  paper. 

{To  be  continued.) 


ON  THE  PLAN  OF  THE  SIDEREAL  SYSTEM. 

By  J.  R.   Sutton,"  B.A.,  Cantab. 

ANY  lines  of  circumstantial  evidence  goto  show 
that  the  Milky  Way  is  a  ring-shaped  formation, 
roughly  circular  in  section,  one  of  the  most 
important  depending  upon  the  almost  obvious 
connection  between  the  lucid  stars  lying  on  or 
near  the  galactic  belt  and  the  nebulous  looking  matter  of 
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•  Mr.  Sutton  is  at  present  in  South  Africa.  Hi 
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■  wiifinif  ou  such  a  subject 
wilh  regard  to  the  flssocia- 
NN'iiy  were  formed  eutirely 
tho  May  number. — A.C.R. 


which  it  consists.  It  scarcely  needs  demonstration  that 
all  these  lucid  stars  are  not  necessarily  ijidm-tii-  (under 
which  term  we  include  all  stars  actually  within  the 
stream,  or  which,  though  outside  it,  are  so  near  as  to 
influence  it  to  an  appreciable  extent),  nor  is  it  Ukely  that 
the  relation  when  it  does  exist  will  always  be  made  out. 
Nevertheless,  in  many,  perhaps  the  majority  of  cases,  so 
far  as  the  (optically)  extra-galactic  stars  are  concerned, 
the  problem  is  not  a  diflicult  one  for  any  person  ou  whom 
the  shadow  of  -John  Michell's  mantle  has  fallen.  When- 
ever, for  example,  a  star  or  group  of  stars  lies  opposite  or 
inside  a  gap  in  the  profile  of  the  Milky  Way  ;  or  whereve. 
any  of  its  numerous  branching  lateral  offsets  terminate  in 
the  immediate  vicinity  of  a  bright  star  or  star-group,  we 
are  entitled  to  assume,  if  the  doctrine  of  chance  has  any 
credit  at  all,  that  these  stars  are  intimately  associated 
with,  if  they  are  not  the  agents  which  have  determined 
the  conformation  of  the  stream,  and  they  may  therefore  be 
considered  a  part  of  it. 

When  we  come  to  deal  with  the  stars  optically  upon 
the  stream  the  problem  is  not  quite  so  simple.  Such 
stars  may  be  either  within  the  stream  or  without  it,  and, 
if  the  latter,  may  or  may  not  be  galactic.  We  know  that 
the  parts  of  the  sky  traversed  by  the  Milky  Way  contain 
very  many  more  bright  stars  than  would  be  the  case  if  the 
stars  were  uniformly  distributed  over  the  whole  celestial 
sphere ;  and  Probability  interprets  this  to  mean  that  the 
chances  are  enormously  against  a  general  dissociation 
between  the  two.  This,  however,  is  not  exactly  the  same 
as  provini/  a  relationship.  If  it  were,  it  would  mean  that 
all,  or  nearly  all,  the  stars  so  situated  are  galactic.  On 
the  contrary,  although  the  statement  may  be  true  in 
general,  it  is  not  possible  to  indicate  at  random  any  star 
or  star-group  as  therefore  forming  part  of  the  Milky  Way. 
Such  details  have  to  be  decided  independently,  from 
particular  and  not  from  general  considerations.  The  only 
instances  we  can  be  tolerably  sure  of  are  those  (1)  in 
which  a  stream  of  lucid  stars  and  a  nebulous  streamer 
branch  out  together  from  the  main  course  of  the  Galaxy, 
and  turn  to  the  right  or  left  up  to  the  apex  of  either  with- 
out parting  company  ;  (2)  in  which  a  star  or  star-group 
lies  in  the  midst  of  a  small  dark  space  surroimded  by 
fields  of  normal  brightness  ;  and  (8)  in  which  stars  are 
seen  significantly  mixed  up  with  clustering  aggregations 
of  nebulous  matter.  In  all  cases  of  this  nature  there  is  no 
reason  to  doubt  that  the  Galaxy  and  the  lucid  stars  are 
mutually  dependent. 

There  is  no  necessity  just  now  to  discuss  these  points  at 
any  greater  length  ;  that  has  been  done  elsewhere.  They 
have  been  introduced,  in  brief,  simply  to  indicate  the 
principal  lines  of  evidence  made  use  of  in  the  attempt  to 
prove  the  rmg-fonn  of  the  Milky  ^^'ay,  and  to  avoitl  con- 
tinual repetition  iu  the  course  of  this  tliscussion. 

It  is  clear  that  some  of  the  clusters  in  the  Milky  Way 
might  be  streams  of  stars  seen  in  projection. 

Suppose  an  observer  to  select  some  star-group  lying  at 
the  extremity  of  a  straight  galactic  streamer,  and  then  to 
take  up  such  a  position  iu  space  that  his  line  of  sight 
should  pass  through  the  group  and  along  the  axis  of  the 
streamer.  If  the  streamer  be  supposed  dinded  into 
sectional  lamime  of  the  same  thickness,  these,  taken 
singly,  would  be  of  the  same  intrinsic  brightness  however 
far  off  they  might  be ;  and  in  the  case  of  a  cylindrical 
stream  their  apparent  size  would  vary  inversely  as  the 
square  of  their  distance  from  the  observer.  Hence  the 
streamer  would  have,  from  the  assigned  position  in  space, 
the  characteristics  of  a  close  globular  cluster,  its  brilliancy 
decreasing  gradually  but  rapidly  towards  its  edges. 
Moreover,  the  lucid  star-group  at  its  apex  would  be  pro- 
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jected  into  it,  anil  so  help  to  increase  the  impression  of  its 
beiuK  globular.  The  obvious  inference  is  that  we  are 
unable  to  decide  oft'-liand  whether  any  single  chister  is 
really  a  cluster  or  a  drift  of  stars. 

But  such  a  theory  with  regard  to  the  many  clusters 
lying  on  the  Milky  Way  would  involve  the  existence  of 
many  straight  streamers  radiating  towards  our  sun.  If 
the  Milky  Way  is  a  ring,  and  the  sun  occupies  a  central 
position,  this  might  be  possible,  and  the  theory  is  supported 
to  some  slight  extent  by  the  behaviour  of  those  apparent 
clusterings  in  the  field  of  the  Milky  Way,  whose  brightness 
increases  not  towards  their  centres  but  from  one  side  to 
the  other,  the  magnitudes  of  the  larger  stars  upon  them 
following  the  same  order.  This  is  exactly  what  should 
happen  in  the  case  of  a  spicular  projection  diijhth/  inclined 
to  the  line  of  sight.  Other  instances  having  the  same 
tendency  will  readily  occur  to  the  student.  But  if  any  of 
the  apparent  clusterings  are  streaming  appendages  seen  in 
perspective,  we  are  met  at  the  outset  by  the  ditliculty  that 
none  of  them  are  so  bright  as  we  should  expect;  reasoning 
merely  from  first  principles,  their  brightness  is  evidence 
enough  that  their  length  (if  length  they  have)  is  small  in 
comparison  with  the  great  arm  stretching  from  Cygnus  to 
Ophiuchus.  The  nebulous  clouds  in  Aquila  would  cer- 
tainly be  darkness  itself  contrasted  with  the  condensed 
brilliancy  which  would  be  exhibited  by  the  spur  in  Scorpio 
to  an  observer  situated  on  its  produced  major  axis.  In- 
deed the  conspicuous  cluster  in  the  sword  handle  of 
Perseus  offers  the  only  possible  comparable  example,  and 
not  altogether  a  good  one  either. 

It  is  necessary,  then,  to  give  up  the  assumption  that  any 
great  galactic  drifts  lie  within  the  space  enclosed  by  the 
Milky  Way,  and  pointing  towards  us.  This  may  tend  to 
shake  our  faith  in  a  ring-form  theory  of  the  Milky  Way — 
indeed  in  any  of  the  present  theories  of  its  structure  based 
on  its  streamy  nature,  such  as  Proctor's  spiral  theory ; 
furthermore,  according  to  ths  same  reasoning,  it  seems 
probable  that  the  great  branch  reaching  to  Ophiuchus,  and 
the  meanderings  in  Scorpio,  are  what  they  give  the  im- 
pression of  being,  namely,  at  approximately  the  same 
distance  from  us,  and  therefore  parallel  to  the  main  course 
through  Aquila  and  Sagittarius.  We  shall,  however,  have 
presently  to  consider  this  matter  in  another  light  when 
speaking  on  the  probable  position  in  space  of  the  great 
appendages  in  Perseus  and  Cepheus.  And  incidentally 
we  shall  have  reason  to  point  out  that  the  Milky  Way  is 
by  no  means  obviously  a  stream  of  stars  nf  all  si-e.s. 

Any  theory  which  could  account  for  the  extraordinary 
evenness  of  outline  of  the  Milky  Way  would  have  much  in 
its  favour,  and  this  a  ring  theory  has,  as  well  as  the  spiral 
stream  theory. 

It  is  curious  that  the  assertiveness  of  the  Milky  Way 
among  the  stars  has  always  been  tacitly  recognized  as  a 
sign  of  its  importance.  Thomas  Wright  thought  that  its 
brilliancy  represented  the  greater  depth  of  the  universe  in 
its  plane  ;  and  the  two  Herschels  followed  suit  with 
different  degrees  of  scepticism  notwithstanding  John 
Michell  and  his  mathematical  formul*.  Proctor  thought 
that  the  Milky  Way  was  a  stream  of  stars  of  all  sizes,  all 
those  scattered  over  the  rest  of  the  sky  being  in  a  sense 
sporadic,  and  not  of  any  particular  moment  in  modifying 
what  he  thought  to  be  the  architecture  of  the  universe  ; 
and  it  must  be  admitted  that  his  reproduction  in  one 
photograph  of  Argelander's  forty  charts  might  well  seem 
to  be  very  substantial  grounds  for  the  idea. 

But  although  it  is  true  that  the  Milky  Way  is  richer  in 
lucid  stars  than  any  area  of  equal  size  outside  it,  it  is  not 
true  that  it  is  the  richest  ijieat-cinnlnr  hdt  of  the  sky. 
That  distinction  is  claimed  by  a   belt  arranged  about  a 


gi'eat  circle  through  Cygnus,  Perseus,  Taurus,  Orion, 
Crux,  and  Scorpio.  Besides,  the  stars  lying  within  it 
offer  the  clearest  example  of  a  star-stream  it  is  possible  to 
conceive.  That  it  is  a  real  star-stream  is  suggested  first 
of  all  by  its  undeviating  direction.  A  person  standing 
under  Orion  will  have  overhead  a  most  imposing  arch  of 
stars,  springing  with  perfect  symmetry  from  the  horizon 
on  either  hand  in  t'rux  and  Perseus  without  anything 
that  can  be  called  a  break.  Moreover,  it  passes  across  an 
exceedingly  dark  part  of  the  sky.  Below  the  horizon  on 
the  one  hand  it  can  be  distinctly  traced  as  far  as  £  and  !; 
Ophiuchi,  where  it  seems  to  end,  on  the  border  of  an  empty 
space,  sending  out,  meanwhile,  a  small  arm  from  Crux, 
along  the  main  course  of  the  Milky  Way  as  far  as  u 
Sagittarii.  In  the  same  way,  and  as  easily,  we  can  trace 
the  other  continuation  of  the  arch  through  Perseus, 
Cassiopeia,  Cepheus,  Cygnus,  and  Lyra  almost  or  quite  to 
a  Ophiuchi  on  the  other  side  of  the  empty  space  mentioned 
above.  This  end  also  sends  out  an  arm  in  the  direction 
of  Aquila  apparently  as  a  feeler  for  the  star.  In  one 
respect  the  great  star-belt  offers  a  curious  analogy  to  the 
Milky  Way  :  both  are  cut  completely  across,  one  in 
Ophiuchus,  the  other  in  Avgo  ;  and  both  spread  out  fan- 
wise  on  either  side  of  the  respective  gaps,  and  to  complete 
the  resemblance,  just  as  the  nebulous  magellanic  clouds 
lie  off,  though  having  no  defined  connection  with  the  gap 
in  Argo,  so  do  the  apparently  free  star-groups  of  Ursa 
Major  and  Hercules  lie  off'  the  gap  in  Ophiuchus. 

Still  these  facts  only  suggest,  and  do  nothing  to  prove, 
that  the  great  star-belt  actually  marks  the  course  of  a 
real  ring  of  stars  in  space.  But  there  is  a  class  of  facts, 
well  worth  examination,  which  seems  to  place  the  matter 
beyond  doubt. 

First,  then,  if  we  trace  the  course  of  the  Milky  Way 
from  Auriga  through  Monoceros  we  shall  find  it  the 
most  tame  and  unexciting  object  imaginable.  It  is  as 
monotonous  as  an  unvarying  brightness  can  make  it. 
With  the  solitary  exception  of  /3  Tauri,  no  star  of  any 
magnitude  occurs  until  we  come  to  Argo,  in  which 
constellation  the  Milky  Way  and  the  great  star-belt 
intersect  at  a  very  acute  angle,  so  that  the  two  are  prac- 
tically in  company  for  a  considerable  space.  Here  there 
is  a  sudden  metamorphosis  :  from  being  regular  and 
unbroken  the  former  becomes  torn  up  into  indescribable 
confusion — torn  into  ribbons  so  to  speak,  and  it  is  pretty- 
clear  that  the  stars  are  the  agents  effecting  the  disrup- 
tion, as  we  have  shown  elsewhere.  For  here  we  get  all 
the  associations  referred  to  in  the  first  two  paragraphs  of 
this  article.  Parting  company  with  the  stars  (in  Sagit- 
tarius) the  Galaxy  resumes  very  nearly  its  even  outline 
and  untroubled  aspect  until  it  intersects  the  star-belt 
again  in  Cygnus.  Here  the  same  phenomena  of  disrup- 
tion recur. 

Furthermore,  there  is  not  a  galactic  off"-set  of  any  size 
worth  mention,  whose  shape,  direction,  and  aspect  are  not 
determined  by  the  stars  in  the  great  star-belt.  The 
streamer  in  Perseus  lies  directly  along,  and  that  in 
Cepheus,  across  it.  Those  in  Ophiuchus  and  Scorpio  bend 
equally  towards  it.  Indeed,  the  Milky  ^^'ay  itself,  between 
Cams  Jlajor  and  Sagittarius,  seems  to  have  a  decided 
double -warp  of  the  same  nature  :  curving  round  from 
either  constellation  perchance  to  come  sooner  into  the 
plane  of  the  star-belt.  The  spreading  finger-shaped  pro- 
jections, facing  each  other  across  the  gap  in  Argo, 
illustrate  very  forcibly  the  predominance  of  the  latter  in 
this  respect. 

Lastly,  the  area  covered  by  the  Milky  Way  is  rich  in 
lucid  stars,  because  it  crosses  the  richest  parts  of  the  star- 
belt.      The  conclusion   seems  to  be  emphatically  forced 
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upon  us  that  the  great-star-belt  is  a  genuine  girdle  of  stars 
in  space  ;  in  which,  also,  the  foundations  of  the  sidereal 
system  are  laid,  the  MilUy  Way  being  an  appendant  to  it, 
of  lesser  rank.  In  short,  the  most  noteworthy  arrange- 
ment in  the  architecture  of  our  universe  seems  to  consist 
of  a  great  ring  of  large  stars  intersecting  an  equal  ring  of 
small  ones  at  the  extremities  of  a  common  diameter.  Let 
us  recapitulate  the  evidence  :  To  start  with,  we  have  the 
probability — shall  we  say  certainty  '? — that  the  Galaxy  is  a 
ring-shaped  structure,  having,  as  we  sought  to  show,  no 
great  branches  in  its  own  plane.  Next,  we  have  the 
significance  of  an  almost  entirely  isolated,  symmetrical 
belt  of  bright  stars  (stars  singularly  uniform  in  magnitude 
and  distriliution)  encircling  the  whole  heavens,  and  cutting 
the  Milky  \\'ay  in  two  exactly  opposite  parts.  Then  we 
have  the  striking  suggestiveness  of  the  disturbed  state  of 
the  Milky  Way  in  these  parts,  coupled  with  its  evenness 
both  in  outline  and  aspect  elsewhere.  Lastly,  we  have  the 
evidence  derived  from  the  aflfiuity  between  the  Milky  Way 
and  the  stars  in  the  belt  ;  the  galactic  off-set  in  Perseus 
lying  along  the  direction  of  the  belt,  the  stellar  off-sets 
from  Cygnus  to  Aquila,  and  from  Crux  to  Sagittarius, 
lying  along  the  Milky  Way  ;  the  galactic  streamers,  more- 
over, in  Ophiuchus  and  Scorpio,  nay,  even  the  main 
stream  of  the  Milky  Way,  turning  aside  to  the  star-belt 
just  where  the  greatest  angular  distance  separates  them. 

The  double-ring  structure  enunciated  above  dovetails  in 
with  all  these  points ;  indeed,  it  seems  the  only  logical 
deduction  from  them.  Both  Sir  William  Herschel's 
hypothesis  of  an  even  distribution  of  stars  throughout  our 
stellar  system,  and  Proctor's  spiral  theory,  fail  utterly  to 
account  for  the  fact  of  a  zone  of  bright  stars  associated 
with,  but  differentiated  from,  a  zone  of  small  ones  in  the 
manner  observed.  Further  than  this,  the  theory  of  a 
double-ring  furnishes  us  with  a  rational  explanation  of  the 
conspicuous  absence  of  streamers  round  the  interior  face 
of  the  Galaxy,  for  it  tells  us  where  a  powerful  extraneous 
force  is  to  be  found  counteracting  altogether  the  action  of 
the  Milky  Way  upon  itself. 


THE   EXPERIMENTAL  METHOD  IN   GEOLOGY 

By  Vaughan  Coknish,  B.Sc,  F.C.S. 

THE  record  of  the  investigation  of  a  geological 
problem  may  generally  be  divided"  into  two  parts, 
the  descriptive  and  the  explanatory.  A  rock,  for 
instance,  is  described  according  to  its  mode  of 
occurrence,  structure  and  mineralogical  composi- 
tion ;  then  follow  deductions  as  to  the  epoch  at  which 
it  was  formed,  and  the  mechanism  of  the  actions  by  which 
its  particular  characters  have  been  produced.  This,  as  a 
rule,  marks  the  limit  of  the  geologist's  investigation  of 
such  a  problem ;  seldom,  far  too  seldom,  are  the  conclu- 
sions submitted  to  the  decisive  test  of  experimental 
methods.  This  lack  of  the  confirmatory  evidence  of 
experiment  makes  a  large  part  of  the  literature  of  Geology 
very  unsatisfactory  reading,  the  deductions  being  too  often 
either  indefinite  or  inconclusive.  In  the  present  article 
\vc  give  a  sketch  of  some  of  the  efforts  which  have  been 
made  to  raise  Geology  to  the  rank  of  an  experimental 
science. 

In  the  last  years  of  the  eighteenth  century  a  controversy 
raged  between  the  schools  of  Huttoii  and  of  Werner  as 
to  whether  heat  or  the  action  of  water  had  been  the 
dominating  influence  at  work  in  the  formation  of  the 
rocks  of  the  earth  s  crust.  By  wliat  agency,  for  example, 
had  chalk  been  converted  into  limestone  or  marble  ".'    How 


can  this  have  been  effected  by  heat,  said  the  school 
of  Werner,  since  heat  decomposes  carbonate  of  lime, 
expelling  the  carbonic  acid  ?  The  answer  to  this  question 
was  furnished  by  the  experiments  of  Sir  James  Hall, 
"  ()n  till'  iictii/n  of  livdt  IIS  iiiiiilijicil  III/  pressure."  Chalk 
was  heated  in  a  gim-barrel,  the  end  of  which  was 
firmly  closed.  Under  these  conditions,  the  pressure  in- 
creasing as  the  temperature  is  raised,  the  carbonic  acid  is 
not  driven  off  from  the  carbonate  of  lime,  the  change 
induced  being  not  chemical  but  physical,  the  powdery 
non-coherent  chalk  being  converted  into  a  compact  crystal- 
line mass,  having  all  the  characters  of  limestone,  or  of 
marble.  Hall  also  investigated  another  problem  connected 
with  the  same  controversy.  Hutton  maintained  the  purely 
igneous  origin  of  those  rocks  which  have  characters 
similar  to  the  modern  lavas.  It  had,  however,  been 
noticed  that  if  a  piece  of  a  crystalline  rock  were  melted  in 
a  crucible  it  was  not  reproduced  on  cooling,  but  that  an 
uniform  glassy  mass  was  formed.  By  a  judicious  com- 
bination of  the  methods  of  observation  and  of  experiment, 
Hall  obtained  important  evidence  as  to  the  conditions  of 
crystallisation  of  rocks.  He  observed  during  eruptions  of 
lava  that  a  great  part  of  the  crystallisation  of  the  con- 
stituent minerals  took  place  slowly,  and  by  degrees,  during 
the  gradual  cooling  of  the  mass  of  molten  rock.  Basing 
a  method  on  this  observation,  he  melted  various  rocks  in 
graphite  crucibles,  and  maintained  the  materials  in  a  state 
of  fusion  for  a  long  time,  taking  care  that  the  temperature 
should  be  somewhat  above  that  necessary  to  melt  the 
glassy  mass.  Crystals  gradually  formed,  and  a  crystalline 
rock  was  reproduced,  of  which  the  melting  point  was 
higher  than  that  of  the  glass  formed  in  previous  experiments, 
where  the  cooling  had  been  rapid.  Similar  experiments 
were  conducted  about  the  same  time  (1804)  by  Gregory 
Watt.  They  were  on  a  larger  scale,  a  reverberatory  furnace 
being  employed  in  place  of  a  crucible.  The  molten  material 
was  only  allowed  to  cool  with  extreme  slowness.  From 
time  to  time  samples  were  withdrawn  and  examined  after 
solidification.  Those  in  which  the  anueaUng  process  had 
1  continued  longest  were  the  most  perfectly  crystalline,  and 
i  possessed  the  highest  specific  gra%'ity,  just  as  a  natural 
crystalline  rock,  such  as  granite,  is  denser  than  a  glassy 
rock  (('.;/.  obsidian)  of  the  same  chemical  composition. 
These  early  experiments  elucidated  several  important 
points  with  regard  to  the  processes  which  have  taken  place 
in  the  formation  of  the  eruptive  rocks.  The  products 
obtained  were,  however,  at  most  very  imperfect  reproductions 
of  the  natural  rocks,  and  the  methods  for  the  determination 
of  mineral  species  were  at  that  time  too  rough  to  allow  of 
the  identification  of  the  small  and  imperfect  crystals 
obtained.  Before  the  date  (18(56)  of  the  next  important 
experimental  research  on  the  formation  of  rocks  by  igneous 
fusion,  the  application  of  the  microscope  in  petrological 
work  had  effected  a  revolution  in  this  respect.  A  slice  of 
rock,  so  thin  as  to  be  transparent,  reveals  to  the  microscope 
the  outline,  and  even  the  internal  structure,  of  the  minute 
crystals  which  form  its  groundworli  or  /'"«•.  The  crystal 
of  each  mineral  species  shows  its  characteristics  of  form, 
the  particular  angles  at  which  its  faces  are  inclined  to  one 
another,  and  the  lines  developed  in  the  process  of  grinding 
the  thin  section  which  indicate  the  directions  of  cleavage. 
Not  less  important  in  identification  are  the  optical 
characters  which  determine  the  tints  which  different  parts 
of  the  field  of  view  assume  according  as  the  polarised  light 
passes  through  the  plate  of  one  or  other  of  the  minerals  of 
which  the  rock  is  composed.  The  refinements  of  optical 
analysis  enable  the  identification  of  the  species  to  be  made 
with  certainty  even  in  crystals  of  microscopic  size.  .\t  the  date 
to  which  we  have  referred,  M.  Daubree  published  his  experi- 
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raeuts  on  the  reproduction  of  the  roclcs  of  a  certain  class 
of  meteorites.  The  meteorites  being  melted  and  kept  for 
some  time  in  the  liquid  condition,  the  constituent  minerals 
befjan  to  crys'  illise  out,  and  finallj-,  after  slow  coolin,<,',  a 
rock  was  produced  having  the  same  constituent  minerals 
as  the  original  meteorite.  Almost  the  only  difference 
between  the  meteorites  and  the  artificial  products  was  the 
absence  in  the  latter  of  that  hreccititcil  structure  which 
IVccjucntly  characterises  an  eruptive  rock  which  has  under- 
gone violent  mechanical  strains.  By  the  employment  of 
the  modern  refinements  of  microscopic  and  of  chemical 
analysis,  Daubree  was  able  to  establish  the  absolute  identity 
of  the  minerals  contained  in  his  artificial  products  with 
those  of  the  meteorites.  The  class  of  meteorites  for  which 
the  method  of  reproduction  was  found  successful  were 
those  containing  the  smallest  proportion  of  combined 
silica,  characterised  by  the  presence  of  olivine  and  augite 
and  by  the  absence  of  the  feldspars.  Except  for  the 
presence  of  metallic  iron,  the  mineral  composition  of  these 
meteorites  is  very  similar  to  that  of  what  are  termed  the 
ultra-basic  rocks,  i.e.,  those  the  analysis  of  which  shows 
the  smallest  proportion  of  silica.  Many  basalts  and  other 
lavas  come  under  the  category  of  ultra-basic  or  basic  rocks. 
Observational  evidence  appeared,  however,  to  favour  the 
view  that  these  rocks  had  not  been  produced  by  the  purely 
igneous  method  employed  by  Daubree,  but  that  the  action 
of  water  had  played  an  important  part  in  their  formation. 
It  was  in  1878  that  MM.  Fouque  and  Levy  commenced 
the  celebrated  research  in  which  they  showed  that  the  more 
basic  eruptive  rocks  can  be  reproduced  in  every  detail  of 
mineral  composition  and  structure  by  the  action  of  heat 
alone  without  invoking  the  aid  of  pressure,  or  the  inter- 
vention of  water  or  any  other  substance  not  forming  a 
constituent  of  the  rock.  To  appreciate  the  details  of  their 
method  it  is  necessary  to  make  clear  the  guiding  data 
which  were  furnished  by  the  study  of  the  minute  structure 
of  rocks.  Some  eruptive  rocks  are  entirely  composed  of 
an  aggregate  of  perfectly  crystallised  minerals.  One  or 
more  of  the  constituents  (in  granite,  the  quartz)  may  not 
show  crystalline  faces;  they  have  presumably  solidified 
last  and  have  been  compelled  to  mould  themselves  round 
the  crystals  already  formed,  but  their  structure  is 
completely  crystalline,  as  is  shown  by  their  action  on 
polarised  light.  Other  rocks  differ  from  the  holocrysfalline 
in  that  the  crystallised  minerals  are  imbedded  m  a 
vitreous  or  glassy  matrix  which  scarcely  affects  polarised 
light.  These  rocks  are  classed,  from  the  character  of  the 
ground  mass,  as  glassy  rocks.  The  most  common  structure 
of  eruptive  rocks  is  that  of  the  third  class,  of  which  the 
ground  mass  has  begun  to  crystallise  before  solidification, 
but  the  crystallisation  has  only  gone  as  far  as  the  produc- 
tion of  iiiicniUths.  These  are  crystals  of  small  size,  most 
frequently  microscopic,  which  are  so  far  developed  that  the 
determination  of  their  species  is  readily  effected.  They 
are  seen  to  be  grouped  round  the  larger  crystals  of  the  rock 
in  a  manner  plainly  indicating  their  later  formation.  It 
appears  reasonable  to  suppose  that  the  microliths  are 
formed  during  and  after  the  welling  up  of  the  rock,  whilst 
the  formation  of  the  large  crystals  may  be  referred  to 
a  previous  epoch  before  the  disturbance  of  the  fluid 
mass  from  its  subterranean  position,  when  a  condi- 
tion of  calm  fusion  favoured  their  growth  and  develop- 
ment. The  temperature  at  which  they  were  produced 
must  be  supposed  to  be  higher  than  in  the  case  of  the 
microliths.  Between  these  two  epochs  of  crystallisation 
comes  the  eruption,  during  which  the  older  crystals  may 
be  rounded,  worn,  or  broken  by  shock.  Hall  had  shown 
that  to  obtain  a  crystalline  structure  instead  of  a  glassy 
mass,  it  was  necessary  to  keep  the  material  at  a  temperature 


slightly  above  that  of  the  melting  point  of  the  glass ;  but  if, 
as  appeared  probable,  the  minerals  of  the  different  epochs  of 
crystallisation  did  not  possess  the  same  degree  of  fusibiUty, 
it  would  bu  necessary  in  order  to  reproduce  this  association 
of  minerals  to  maintain  the  materials  at  a  series  of  tempera- 
tures successively  decreasing.  The  result  of  the  final  opera- 
tion might  be  expected  to  be  the  solidification  of  a  mass  of 
microliths  of  the  more  fusible  minerals  cementing  together 
the  larger  crystals  already  formed.  Such  was  the  method 
employed  by  Fouque  and  Levy,  and  the  result  was  in  com- 
plete accordance  with  their  expectations.  As  an  example 
of  their  work,  we  will  describe  the  reproduction  of  a  basalt 
precisely  similar  in  character  to  certain  basalts  found  in  the 
Department  of  Auvergne.  A  mixture  of  substances  pre- 
pared in  the  laboratory  of  the  same  chemical  composition  as 
the  rock  was  placed  in  a  platinum  crucible,  which  was 
maintained  at  a  white  heat  for  forty-eight  hours.  A  sample 
taken  out  at  the  end  of  this  time,  and  allowed  to  cool  rapidly, 
showed  on  solidifying  crystals  of  olivine  imbedded  in  a  brown 
coloured  glassy  matrix.  At  the  end  of  the  first  forty-eight 
hours  the  position  of  the  crucible  in  the  furnace  was  changed 
so  that  the  temperature  was  lowered  to  that  corresponding 
to  a  bright  red  heat,  at  which  it  was  kept  for  a  second  period 
of  forty-eight  hours.  The  product  obtained  at  the  end  of  this 
time  showed  the  crystals  of  olivine  as  before, but  imbedded  not 
inaglass  but  inamatrix  composed  of  microliths  of  augite  and 
of  soda-lime  feldspar.  Among  the  other  rocks  reproduced  was 
a  leucite-lava,  the  crystals  of  leucite  having  rounded  angles 
just  as  in  the  natural  rock,  showing  that  this  pecuUarity 
is  not  necessarily  due,  as  had  been  supposed,  to  the  effects 
of  disturbance  after  the  first  epoch  of  crystallisation. 
The  rocks  produced  by  the  methods  we  have  described  are 
of  the  same  character  as  those  formed  in  the  volcanic 
eruptions  of  the  present  time,  which  belong  to  the  class  of 
the  more  basic  rocks.  The  more  siliceous  rocks,  such  as 
granite,  which  contain  free  silica  in  the  form  of  quartz,  do 
not  appear  to  be  formed  under  the  conditions  obtaining  in 
the  eruptive  processes  which  geologists  have  been  able  to 
observe  in  actual  operation.  When  the  materials  of  the 
acid  rocks  are  subjected  to  the  processes  above  described, 
the  minerals  which  crystallise  out  are  not  those  of  the 
original  rock,  but  are  of  different  crystalline  form,  even 
when  they  have  the  same  chemical  composition.  The 
excess  of  sihca  remains  in  the  imcombined  state,  but  has 
characters  resembling  those  of  the  variety  Iniown  as 
tridymite  rather  than  those  of  quartz.  The  acid  rocks 
and  their  characteristic  minerals  (as  quartz  potash- 
feldspar  and  soda-feldspar)  have  doubtless  been  formed 
by  processes  radically  different  from  that  of  simple  fusion. 
The  minerals  above  mentioned  have  been  reproduced  by 
the  reaction  of  suitable  materials  in  the  presence  of  water, 
at  a  high  temperature  and  pressure.  Hitherto  it  has  not 
been  found  possible  to  produce  the  compacted  associa- 
tion of  these  minerals  which  constitutes  an  acid  rock. 
Sufficient  data  have,  however,  been  obtained  to  justify  the 
belief  that  at  no  distant  date  the  jiroblem  of  the  mode  of 
formation  of  this  class  of  rocks  will  be  solved  by  the 
experimental  method. 

One  of  the  most  important  contributions  to  experimental 
geology  during  recent  years,  is  the  discovery  of  Spring, 
that  pressure  is  capable  of  inducing  chemical  change 
independently  of  its  effect  in  raising  the  temperatm-e  of 
bodies.  This  discovery  has  a  direct  bearing  on  the  phe- 
nomena of  mctaiiwrphism,  or  the  bodily  conversion  of 
sedimentary  rocks  into  others  of  a  completely  different 
character.  Spring  has  sho'wn,  that  by  the  application  of 
great  pressure,  chemical  combination  is  induced,  in  cases 
where  the  comijound  occupies  a  smaller  volume  than  the 
components,  and  conversely  that  a  decomposition  is  brought 
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about  by  pressure,  when  the  volume  of  the  bodies  formed  by 
decomposition  is  less  than  that  of  the  compound.  Briefly, 
pressure  brings  about  such  chemical  changes  as  are  accom- 
panied by  a  contraction.  The  apparatus  employed  in  these 
experiments  consisted  of  a  small  steel  chamber,  in  which  the 
substances  were  placed,  furnished  with  a  piston  worked  by  a 
powerful  lever,  provided  at  the  end  with  a  heavy  weight.  If 
the  piston  were  forced  down  rapidly  the  substances  would  be 
heated,  and  it  would  be  impossible  to  discriminate  between 
the  changes  due  to  rise  in  temperature  and  those  due  to 
increased  pressure.  In  Spring's  apparatus  the  lever  is 
lowered  very  gradually,  its  descent  being  regulated  by  a 
finely  cut  screw.  The  steel  chamber  is  surrounded  by 
water,  in  which  is  placed  a  dehcate  thermometer,  and  the 
descent  of  the  piston  is  operated  so  gradually  that  there  is 
practically  no  rise  of  temperature.  These  experiments 
aflbrded  the  first  example  of  the  direct  conversion  of 
mechanical  work  into  chemical  energy. 

As  a  last  example  of  the  application  of  experimental 
methods  in  Geology,  we  will  deal  with  some  of  the  problems 
presented  by  mineral  veins.  The  cracks  and  openings  by 
which  rocks  are  traversed  are  in  some  cases  unfilled,  in 
others  they  contain  debris  of  the  rock  itself,  and  lastly, 
they  are  sometimes  found  filled  with  foreign  minerals,  and 
are  then  known  as  mineral  Veins.  Most  of  the  fine  well- 
crystallised  minerals  which  adorn  museum  collections  come 
from  mineral  veins,  or  from  ca\dties  in  rocks,  known  as 
"  geodes."  Tin  veins,  for  instance,  contain  the  oxide  of  tin, 
cassiterite,  in  large  well-formed  crystals.  Others  contain 
oxide  of  iron,  also  well  crystallised  ;  and  another  class  con- 
tain the  metallic  sulphides,  such  as  galena,  the  common  lead 
ore  found  in  Derbyshire  and  elsewhere.  The  processes  by 
which  these  minerals  have  accumulated  in  the  veins,  and 
the  mode  m  which  their  crystallisation  was  induced,  long 
remained  a  mystery.  In  studying  the  characters  of  tin 
veins,  Daubree  was  struck  by  the  constant  presence  of 
minerals,  such  as  apatite,  topaz  and  tourmaline,  which 
contain  the  elements  chlorine  and  fluorine.  It  is  known 
that  the  chloride  and  fluoride  of  tin  are  volatile,  and  that 
these  compounds  are  decomposed  by  water,  the  hydrogen 
of  the  water  forming  hydrochloric  or  hydrofluoric  acid  gas 
and  the  oxygen  combining  with  the  metal.  Experiment 
showed  that  if  the  vapour  of  water  be  brought  in  contact 
with  that  of  chloi-ide  of  tin  at  a  fairly  high  temperature 
the  oxide  of  the  metal  is  formed  in  crystals,  having  all  the 
chara<cters  of  the  mineral  cassiterite.  Later,  Sainte- 
Clau-e  Deville  showed  that  by  passing  hydrochloric  acid 
gas  over  strongly  heated  oxide  of  tin,  the  chloride  of  the 
metal  was  formed,  and  steam.  These  two  gases  are  carried  on 
by  the  current  of  hydrochloric  acid  gas,  and  in  a  somewhat 
cooler  part  of  the  apparatus  react  again  upon  one  another, 
re-forming  hydrochloric  acid,  and  depositing  the  oxide  of  tin 
in  the  crystalline  form.  Hydrofluoric  acid  and  other  re-agents 
which  have  been  found  to  act  in  a  similar  manner  have 
been  termed  mini'riilii«iteiirs.  They  are  capable  of  eflecting 
the  transport  of  non-volatile  substances,  such  as  oxide  of 
tin,  depositing  them  m  the  crystalline  form,  and,  their 
work  done,  they  leave  no  trace  of  their  former  presence 
except  in  the  combination  of  their  more  active  elements 
with  constituents  of  the  surrounding  rock  or  of  certain 
minerals  of  the  vein,  the  gauque  minerals  as  they  are 
termed.  One  of  the  commonest  of  the  gauque  minerals  is 
calcite,  and  by  passing  the  vapour  of  chloride  of  phos- 
phorus over  heated  calcite,  Daubree  found  that  apatite  is 
formed,  a  mineral  which,  as  has  been  said,  is  characteristic 
of  tin  veins.  In  the  formation  of  the  metallic  sulphides, 
sulphuretted  hydrogen  has  played  the  part  of  miwralisntiitr. 
In  some  cases,  no  doubt,  the  mineralising  action  is  effected 
by  the  vapour  of  the  active  substance  ascending  from  the 


heated  interior ;  in  other  cases,  as  in  the  neighbourhood 
of  the  great  Compstock  Lode,  the  substances  are  in 
solution,  subterranean  streams  saturated  with  sulphuretted 
hydrogen  and  other  powerful  solvents  serving  to  extract 
the  metallic  compounds  from  the  rocks  in  which  they 
are  present  in  small  quantities  and  concentrating  them 
in  the  vems.  By  such  processes  metallic  ores  are  collected 
in  the  rock  veins,  which  thus  become  the  great  store- 
houses of  mineral  wealth. 


FLYING  ANIMALS. 

By  E.  Lydekker,  B.A.Cantab. 
[Continued  from  iirii/e  115.) 

THE  wing  of  a  Bird,  although  constructed  on  the 
same  fundamental  plan  as  that  of  a  Pterodactyle, 
difiers  altogether  in  the  maimer  in  which  the  bones 
corresponding  to  those  of  the  human  hand  have 
been  modified  for  the  purposes  of  flight.  In  the 
wing  of  a  Bird  only  three  fingers  are  represented  at  all, 
and  these  probably  correspond  to  the  thumb,  index,  and 
middle  fingers  of  the  human  hand.  Moreover,  while 
the  thumb  is  only  represented  by  a  small  splint  of  bone, 
which  carries  the  so-called  "bastard  wmg,"  the  bones 
of  the  index  finger  are  flattened,  and  much  larger  than 
those  of  the  third  one,  with  which,  in  living  birds, 
they  are  more  or  less  closely  united.  This  finger, 
therefore,  forms  the  chief  part  of  the  extremity  of 
the  wing  or  pinion  ;  but,  instead  of  its  bones  being  much 
longer  than  those  of  the  arm  and  fore-arm  put  together, 
as  is  the  case  with  the  elongated  outer  finger  (-ith  or  oth, 
as  the  case  may  be)  of  the  Pterodactyle,  it  is  much  shorter, 
and,  indeed,  is  frequently  shorter  than  either  the  bone  of 
the  upper  arm  or  those  of  the  fore-arm  alone.  The  finger, 
therefore,  is  the  least  important  part  of  a  Bird's  wing, 
whereas  the  outer  finger  is  by  far  the  most  important 
element  in  that  of  a  Pterodactyle. 

It  would  involve  a  large  amomit  of  detail  to  give  a  fuU 
description  of  the  arrangement  of  the  feathers  of  a  bird's 
wing;  and  it  must  accordingly  suttice  to  say  that  the 
large  flight-feathers  carried  by  the  pinion  are  known  as  the 
primaries,  while  those  attached  to  the  larger  bone  of 
the  fore-arm  are  termed  srcondaries  ;  the  smaller  feathers 
which  overlie  these  being  designated  as  the  iriii;i-ciirfrts. 
In  all  living  birds,  as  we  have  said,  the  bones  representing 
the  fingers  are  flattened,  and  those  of  the  mdex  and  third 
fingers  more  or  less  united  together.  In  the  Anlwoptenjx, 
which  is  the  oldest  known  bird  and  a  contemporary  of  the 
Pterodaotyles  of  the  Lithographic  Limestones  of  Bohemia, 
all  the  three  fingers  were,  however,  perfectly  separate  from 
one  another,  and  each  ended  in  a  claw  ;  while  the  index 
was  not  greatly  larger  than  the  other' two.  We  have, 
therefore,  in  this  bird  a  decided  approach  to  reptQes ; 
fi-om  which  class  it  is  considered  that  birds  were  originally 
derived. 

In  addition  to  their  wings  we  must  not  omit  to  mention 
that  the  tails  of  birds  form  an  important  aid  in  flight, 
when  they  act  as  a  kind  of  rudder.  In  all  living  birds  the 
bones  of  the  tail  are  extremely  few  in  number,  and  the 
large  tail-feathers  all  take  origin  close  together,  and  are 
generally  spread  out  in  a  more  or  less  fan-like  manner. 
Our  old 'friend  the  Arch;i'opteryx  had.  however,  a  very 
long  lizard-like  tail,  with  a  pair  of  feathers  arising  irom 
each  of  its  numerous  jomts,  after  the  mamier  of  the 
feathers  on  an  arrow.  It  will,  however,  be  readily 
imagined  that  such  a  long  unwieldy  tail  was  by  no  means 
calculated  to  act  as  an  ellicient  and  compact  rudder  ;  lUld 
the  shortened  tails  of  modern   birds  appear,  therefore,   tiO 
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be  a  dtcided  improvement  on  the  eaiiy  type,  it  seems, 
indeed,  that  in  all  groups  of  Vertebrates  capable  of  true 
flight  a  long  tail  has  been  found  disadvantageous,  since 
among  tlie  Pterodactyles  the  more  specialised  kinds  found 
in  Europe  had  discarded  the  long  tail  of  the  species  repre- 
sented in  Fig.  3  ;  and  the  same  holds  good  with  regard  to 
the  lai'ge  toothless  kinds  found  in  the  cretaceous  rocks  of 
the  United  States.  Again,  the  most  specialised,  or  in- 
sectivorous Bats  are  remarkable  for  the  shortness  of  their 
tails.  From  the  relative  shortness  of  its  wings,  coupled 
with  the  long  unwieldy  tail,  it  is  probable  that  the 
Archipopteryx  was  but  a  poor  flyer,  and  was,  perhaps, 
altogether  incapable  of  making  the  long-sustained  flights 
of  our  modern  birds,  though  it  must  undoubtedly  have 
been  a  true  flyer. 

Birds  vary  greatly  in  the  relative  proportions  of  the 
component  bones  of  the  wing,  so  that  among  the 
strongest  flyers  we  find  that  whereas  in  the  giant  Alba- 
tross of  the  tropical  seas  the  bones  of  both  the  upper  and 
fore-arm  are  enormously  elongated,  in  the  Swift  that  of 
the  upper  arm  is  so  shortened  and  thickened  as  to  be 
scarcely  recognisable.  The  form  and  arrangement  of  the 
flight -feathers  are,  however,  of  still  greater  importance  in 
modifying  the  shape  of  the  wing,  but  the  reader  desirous 
of  information  on  this  subject  must  consult  one  of  the 
numerous  works  on  the  structure  of  birds. 

Coming  now  to  the  highest  class  of  animals,  the 
Mammals,  we  shall  find  that  while  true  flight  is  only 
possessed  by  the  whole  of  the  members  of  a  single  order, 
spurious  flight  occurs  among  certain  members  of  three 
widely  distinct  oraers  ;  and  it  is  curious  to  notice  the  re- 
markable external  similarity  between  some  of  these 
animals  possessing  the  power  of  spurious  flight,  while 
they  are  structurally  so  difl'erent  from  one  another. 

Commencing  with  spurious  flight,  the  first  Mammals 
we  have  to  mention  are  the  Flying  Phalangers  of 
Australia,  which  belong  to  the  great  order  of  Pouched  or 
Marsupial  Mammals,  described  in  a  previous  number  of 
Knowledge,  and  are  closely  allied  to  the  so-called  Opossums 
of  the  colonists.  There  are  several  genera  of  these  curious 
and  beautiful  creatures,  distinguished  from  one  another  by 
the  character  of  the  skull  and  the  shape  of  the  parachute, 
which  may  be  either  very  broad  or  very  narrow.  This 
parachute  consists  of  an  expansion  of  the  skin  of  the  sides 
of  the  body,  extending  from  the  wrist  of  the  fore-leg  to 
the  ankle  of  the  hind-leg,  with  a  smaller  development 
between  the  neck  and  the  front  of  the  fore-leg.  The 
Flying  Phalangers  are  strictly  nocturnal  in  their  habits, 
and  are  able  to  take  enormous  flying  leaps  fi-om  tree  to 
tree,  during  which  they  descend  in  the  first  part  of  their 
course,  but  acquire  a  slightly  upward  direction  before  they 
alight. 

It  is  not  till  We  come  to  the  order  of  Rodents,  or  those 
Mammals  which,  like  Hares,  Eats,  and  Beavers,  are 
provided  with  a  pair  of  chisel-like  gnawing-teeth  in  the 
front  of  each  jaw,  that  we  again  meet  with  Mammals 
having  the  power  of  spurious  flight.  Among  the  most 
curious  of  these  are  the  so-called  Anomalures  of  Africa, 
which  are  small  Rodents  nearly  related  to  the  Squirrels. 
Here  we  find  the  parachute  connecting  both  pairs  of 
limbs  together,  as  in  the  Flying  Phalangers,  but  with  the 
additional  jieculiarity  that  there  is  a  spike-like  rod  of 
cartilage  projecting  from  the  elbow,  which,  by  acting  in 
the  manner  of  a  yard-arm,  allows  the  width  of  the  expan- 
sion to  be  greater  than  could  otherwise  be  the  case.  This 
rod,  together  with  tiie  presence  of  a  series  of  scales  along 
the  sides  of  the  base  of  the  tail — from  which  the  creatures 
take  their  name — serves  to  distinguish  the  Anomalures 
from  the  Flying  Squirrels.     Of  the  latter  there  are  three 


genera,  mostly  found  in  the  oriental  region,  although  a  few 
species  range  into  North  America  and  Europe.  These 
creatures  exactly  resemble  ordinary  Squirrels  in  general 
appearance  and  habits,  with  the  exception  of  haWng  a 
parachute  connecting  the  front  with  the  hind  limbs,  after 
the  manner  of  the  Flying  Phalangers.  In  some  species 
an  additional  membrane  connects  the  root  of  the  tail  with 
the  thigh,  but  this  is  wanting  in  others.  The  flight  of  the 
Flying  Squirrels  is  precisely  like  that  of  the  Flying  Pha- 
langers ;  and  if  the  two  were  to  be  found  together,  it  would 
be  quite  impossible  to  distinguish  the  one  from  the  other 
dijring  flight.  Flying  Squirrels,  however,  utter  a  sharp, 
squeaking  cry  during  their  flight,  while  the  Flying  Pha- 
langers appear  to  be  silent.  Ordinary  Squirrels,  as  we  all 
know,  are  capable  of  taking  long  leaps  from  bough  to 
bough,  and  in  the  Flying  Squirrel  it  is  merely  an  excess 
of  this  power  which,  owing  to  the  development  of  the 
parachute,  assumes  the  character  of  flight.  A  precisely 
similar  connection  obtains  between  the  ordinary  Phalangers 
and  the  Flying  Phalangers.  There  are  a  large  number 
of  species  of  Flying  Squirrels,  which  are  mostly  of  com- 
paratively small  size,  altliough  one  species,  from  the  north- 
west of  Kashmir,  is  as  large  as  a  rabbit.  Although  their 
cries  may  frequently  be  heard  at  night  in  the  districts 
which  they  inhabit,  Flying  Squirrels  are  but  seldom  seen. 
Their  flight  may  be  extended  to  a  distance  of  twenty-five 
or  thirty  yards. 

The  Flying  Lemurs,  of  the  Malay  Peninsula  and  the 
PhiUppines,  present  a  type  of  Mammal  in  which  the 
facility  of  spurious  flight  has  attained  its  maximum  of 
development.  These  animals  come  nearest,  in  general 
structure,  to  the  so-called  Insectivorous  Mammals,  such 
as  the  Mole,  Shrew,  and  Hedgehog,  and  are,  therefore, 
usually  regarded  as  forming  an  aberrant  group  of  that 
order.  In  them  not  only  are  the  fore  and  hind  limbs  of 
either  side  connected  together  by  an  expansion  of  the  skin 
of  the  sides  to  form  a  parachute,  but  the  expansion  of  the 
skin  also  extends  backwards  between  the  hind  legs,  which 
it  connects  with  the  long  tail  completely  up  to  its  tip. 
Moreover,  although  the  fingers  and  toes  are  only  of  the 
ordinary  length,  yet  they  also  are  connected  by  a  mem- 
brane, in  the  manner  of  the  webbed  foot  of  a  duck.  At 
night,  during  which  time  they  become  active,  the  Flying 
Lemurs  will  take  flights  of  upwards  of  seventy  yards  in 
length,  and  thus  far  outrival  the  Flying  Squirrels  and 
Phalangers  in  this  respect.  Bats,  as  we  shall  notice 
shortly,  are  known  to  be  closely  allied  to  the  Insectivores, 
and  the  Flying  Lemur  seems  to  show  us  how  an  ordinary 
Insectivore  may  have  become  gradually  modified  into  a 
Bat ;  for  it  would  only  require  the  elongation  of  the 
fingers  and  a  somewhat  greater  development  of  the  para- 
chute to  transform  the  Flying  Lemur  into  a  creature 
exceedingly  like  a  Bat. 

Bats,  which  are  familiar  to  all  of  us,  are  the  only 
Mammals  endued  with  the  power  of  true  flight  ;  and 
although  they  are  evidently  related,  as  shown,  among 
other  features,  by  the  structure  of  their  teeth,  to  the 
Insectivores,  yet  they  are  so  difiereut  as  to  be  entitled  to 
rank  as  a  separate  order  by  themselves.  In  being  the 
only  truly  flying  Mammals  they  hold,  as  has  been  well 
observed,  a  position  in  the  class  precisely  analogous  to 
that  occupied  among  the  Reptiles  by  the  Pterodactyles. 
That  they  have,  however,  no  sort  of  connection  with  the 
latter  group  is  perfectly  evident  from  the  structure  of  the 
fore-limb,  or  wing,  which  we  now  proceed  to  explain. 

The  wing  of  a  Bat  is  composed  of  a  thin  naked  mem- 
brane supported  by  a  great  extension  of  the  bones  of  the 
fore-limb  ;  this  membrane  being  continued  backwards  to 
connect  the  hind-legs  with  the  whole  length  of  the  tail. 
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In  the  fore-limb,  of  which  the  skeleton    is  represented 
in  Fi}'.  4,  the  bones  of  both  the  arm  and  fore-arm  are 


Birds  as  the  lords  of  the  air  is  in  accordance  with  what  we 
have  observed  elsewhere,  namely,  the  replacement,  with  the 
advance  of  time,  of  a  lower  by  a  higher  type  of  organiza- 
tion. The  Bats,  indeed,  which  belong  to  the  highest  class 
of  animals,  appear  to  have  been  the  latest  in  which  the 
power  of  tiight  has  been  developed  ;  but  since  most  of 
them  are  of  comparatively  small  size,  and  of  more  or  less 
completely  crepuscular  and  nocturnal  habits,  they  have 
never  entered  seriously  into  competition  with  the  Bii'ds, 
so  that  both  groups  are  found  existing  side  by  side  in  full 
development. 


Fij^.  3. — The  bones  of  the  right  fore-liml»  of  a  Bat,  seen  from 
above.  A.,  bono  of  arm;  /■.'/..  bones  of  fore-arm;  //./■..thumb;  y>//., 
claw  of  thumb;  m.c,  metacarpus;  /j/i",  L'lul.  ord,  4th,  and  oth 
fingers. 

relatively  slender  and  considerably  more  elongated  than 
usual.  The  thumb  remams  comparatively  small,  and  ends 
in  a  claw  ;  but  all  the  other  fingers — more  especially 
the  third  or  middle  one — are  enormously  elongated,  so 
that  the  third,  fourth,  and  fifth,  which  have  no  claws  at  the 
end,  are  absolutely  longer  than  either  the  fore-arm  or 
the  arm.  Between  these  elongated  spider-like  fingers  the 
wing-membrane  is  stretched,  the  whole  structure  per- 
mitting of  the  wing  being  folded,  when  at  rest,  in  the 
manner  familiar  to  all.  A  comparison  of  Fig.  3  with 
Fig.  2,  or,  still  better,  with  the  figure  of  the  skeleton  of  a 
Pterodactyle,  given  in  the  article  on  Flying  Dragons,  will 
.show  how  essentially  the  wing  of  a  Bat  difi'ers  from  that 
of  a  Pterodactyle.  As  we  have  said,  the  single  finger  sup- 
porting the  wing-membrane  of  a  Pterodactyle  corresponds 
either  with  the  one  marked  i  or  tliat  marked  rt  in  Fig.  4 
(probably  the  latter),  and  it  may  therefore  be  said  that 
while  a  Pterodactyle  files  with  one  finger,  a  Bat  fiies  with 
its  whole  hand.  Equally  marked  is  the  ditt'erence  between 
the  wing  of  a  Bat  and  that  uf  a  Bird  ;  the  latter  having 
only  the  first  three  fingers  of  the  Bat's  wing  developed, 
and  all  of  these  being  strangely  modified  from  the  ordinary 
form,  while  the  chief  elongation  has  taken  place  in  the 
bones  of  the  arm  and  fore-arm,  instead  of  in  those  of  the 
fingers,  and  Hight  is  efiected  by  the  aid  of  feathers  instead 
of  by  a  membrane. 

This  completes  our  survey  of  the  various  modes  of  Hight 
obtaining  in  the  aiiiuiiil  kingdom.  In  it  we  have  indicated 
the  dilVercnce  between  spurious  and  true  flight,  have  shown 
how  the  former  is  but  an  extreme  development  of  the  long 
leaps  taken  by  arboreal  animals,  and  liave  suggested  how 
it  may  have  gradually  passed  onwards  into  true  Hight.  AVe 
have  also  seen  liow  the  wings  of  the  Invertebrate  animals 
differ  in  tuto  from  those  of  tlu'  \'ertehrates ;  while  among 
the  Vertebrates  true  Hight  luis  been  independently  deve- 
loped in  three  distinct  groups — Pterodactyles,  Birds,  and 
Bats — on  totally  ditt'erent  structural  lines;  the  latter 
instance  thus  allbrding  us  an  excellent  example  of  the  way 
in  which  difi'erent  groups  of  animals  may  be  variously 
modified  to  occupy  the  same  position  in  the  realm  of 
nature.      The   supersession  of  the  Pterodactyles  by   the 


THE   COMPANION    TO  «    URSvE    MAJORIS 
(/8  1077). 

By    S.    W.    BURNHAM. 

THE  close  companion  to  a  Ursiie  Majoris,  which  was 
found  with  the  30-incb  refractor  in  the  early  part 
of  1889,  has  now  been  measured  each  year  since 
that  time.  These  observations  show  clearly  that 
the  companion  is  moving  round  the  principal  star 
in  a  retrograde  direction,  and  that  the  two  form  a  physical 
system.  The  proper  motion  of  a  is  not  large  (0'144"  in 
the  direction  of  240-.5°),  but  it  is  sufBcient  to  show  in  the 
measures  of  so  close  a  pair,  even  in  the  two  years  covered 
by  the  observations. 

The  following  are  the  measures  down  to  this  time  : — 

18H9-19         32G-1°         0-91"         ^3  4n. 

lK90-2(i         320-1°         0-87"         ft  4n. 

1891-3()         31()-H°         0-80"         ft  4n. 

It  is  not  unlikely  that  it  may  prove  to  be  a  rapid  binary, 

and  that  the  distance  is  now  about  maximum.     In  that 

case  a  more  rapid  change  in  the  angle  may  be  looked  for 

soon.     It  is  easily  measured  with  the  large  telescope  when 

the  conditions  are  good,  but  with  a  distance  of  one-third, 

or  even  one-half  that   given   in    the    measures,  it   would 

probably  be  a  severe  test  for  the  SG-inch.      So  far  as  I 

know  it  has  not  been  seen  anywhere  else,  though  some  of 

the  large  refractors  ought  to  show  it.     I  hope  to  measure 

it  regularly  each  year  for  some  time  to  come. 

Lick  Observatorv,  Jiotc  2,n<l. 


ASTRONOMY    AS    TAUGHT    BY    ACADEMY 
PICTURES. 

T<i  the    Kditor  of  Knowledge. 

Sir, — Will  you  allow  me  to  say  a  few  words  in  reply  to 
your  notice  of  my  picture  of  Jeremiah  Horrocks  in  the 
Koyal  Academy.  Three  points  are  there  singled  out  for 
animadversion.  First  you  say  that  I  have  drawn  Venus 
too  small,  "  the  black  disc  representing  Venus  should  be 
larger."  You  do  not  say  how  much,  so  the  reader  might 
infer  some  terrible  disproportion  in  my  delineation.  May 
I  point  out  that  the  major  diameter  of  the  Sun's  disc  in 
the  composition  measures  one  inch  and  three-quarters, 
and  the  minor  one  about  half  that  size.  The  sub-division 
of  the  former  into  30  will  give  the  proportional  size  of 
^'enus,  this  being  a  speck  not  much,  if  at  all,  larger  in 
size  than  that  which  I  have  delineated,  keeping  in  mind 
the  fact  that  this  is  a  foresliortened  perspective  view,  and 
not  one  seen  full  front,  as  it  would  be  in  a  circular  diagram. 
You  add  that  the  place  of  Venus  upon  tlie  Sim's  disc  is  not 
quite  low  enough  on  the  right  hand  limb.  As  a  fact  I 
have  copied  it  from  the  sketch  to  be  found  in  the  text  of 
the  "  Venus  in  solo  visa,''  left  by  Ilorrocks  and  published 
by  Hevelius. 
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You  state  "  there  is  no  authority  for  the  curious  equa- 
torial mountin<i;  "  which  I  have  drawn,  "  or  for  the  attach- 
ment of  the  suu-screen  to  the  instrument  hy  a  rod.  In 
fact,  we  know  that  such  a  mounting  could  not  liave  been 
used."  My  authority  is  the  ilkistration  to  be  found — rod, 
screen,  and  all — in  the  work  published  by  Padre  Soheiner 
in  162G,  called  "  Rosa  Ursina,"  giving  full  warrant  for  its 
use  in  Horrocks'  time.  The  telescope  is  there  seen  fastened 
by  strings,  enabling  him  to  take  it  off  and  place  it,  if  need 
were,  as  suggested  by  you,  but  not  necessarily  precluding 
its  use  in  any  other  manner  that  might  occur  to  the 
astronomer  who  was  so  full  of  resources.  The  clouds, 
which  only  dispersed  at  the  late  hour  of  his  observation, 
enabled  him  to  take  very  deliberate  precautions  before- 
hand for  his  final  survey.  You  say  the  tube  was  evidently 
home  made  ;  whether  that  was  the  case  or  not,  it  was  of  the 
best  kind,  as  he  states,  "  The  telescope  which  I  employed 
on  this  occasion  is  much  more  accurate  than  those 
generally  used,"  leading  to  the  belief  that  he  pi-obably 
had  more  than  one  of  those  instruments  in  his  possession. 
He  probably  set  the  telescope  to  the  position  it  would 
occupy  when  he  came  out  of  church,  as  if  it  had  been 
driven  by  clock  work. 

To  your  final  objection  as  to  the  omission  of  the  cassock, 
as  part  of  his  dress,  I  think  I  must  plead  to  its  being  done 
purposely,  as  I  thought  its  ample  folds  would  have  inter- 
fered seriously  with  the  movements  necessary  during  his 
observation  in  a  small  room  full  of  the  accessories  neces- 
sary for  the  fulfilment  of  his  purpose. 

Yours  very  truly, 

Eyre  Crowe,  A.R.A. 

[To  follow  Mr.  Eyre  Crowe,  I  would  gladly  exercise  a 
little  poetic  imagination,  and  suppose  that  Horrocks  knew 
the  time  within  two  minutes  when  he  would  be  able  to 
finish  his  service  and  get  to  his  rooms.  The  Sun  appears 
to  move  by  reason  of  the  earth's  daily  rotation  through  its 
own  diameter  in  about  two  minutes.  Consequently,  if 
Horrocks  had  had  modern  facilities  for  timing  his  clocks 
and  accurately  setting  his  telescope,  he  might  have  hoped 
to  find  some  portion  of  the  Sun's  disc  thrown  on  the  screen. 
But  in  order  that  he  should  enter  the  room  and  find  the 
image  of  the  Sun  centrally  on  the  screen,  as  Mr.  Eyre  Crowe 
depicts  it,  Horrocks  must  either  have  had  a  telescope 
moved  by  clock  work,  or  he  must  have  moved  himself  with 
the  precision  of  very  accurate  clock  work,  for  he  must  have 
entered  the  room  within  ten  seconds  of  the  time  he  had 
intended  and  calculated  for.  If  this  is  Mr.  Crowe's  theory, 
why  did  he  not  give  Horrocks'  equatorial  mounting  a 
di^'ided  circle  to  enable  him  to  set  the  instrument  in  right 
ascension  ?  Scheiner's  instrument,  as  shown  in  the  "  llnsa 
I'rximi,"  had  such  a  divided  circle  about  the  base  of  its 
polar  axis,  roughly  divided  it  is  true,  but  it  would  no 
doubt  have  enabled  him  to  find  a  star  or  the  Sun's  place 
within  a  quarter  of  an  hour. 

I  did  not  suggest  that  equatorial  mountings  were  not 
used  in  Horrocks'  time.  They  were  certainly  in  use  before 
telescopes  were  invented,  as  is  proved  by  the  plates  in 
Tycho  Brahe's  "Astro)ioiiii(f  install raUr  imr/uinicd,"  But 
such  an  instrument  would  have  been  quite  unsuited  for  use 
in  Horrocks'  room.  It  would  have  needed  to  be  out  in  the 
open,  or  under  a  revolving  roof,  to  have  enabled  Hori-ocks 
to  watch  through  the  whole  day  with  it.  Horrocks  says 
that  he  connuenced  watching  from  sunrise,  and  went  on  at 
every  available  opportunity  through  the  whole  day.  But 
with  Mr.  Eyre  Crowe's  mounting  he  would  only  have  been 
able  to  see  the  Sun  as  it  passed  across  the  parts  of  the  sky 
visible  from  the  centre  of  the  room  through  the  naiTow 
windows. 


Mr.  Crowe  tells  me  that  I  have  not  said  how  large  tlu; 
disc  of  Venus  should  have  been  drawn.  Horrocks  esti- 
mated it  as  about  a  quarter  of  an  inch  in  diameter,  or  a 
little  more.  I  did  not  measure  Mr.  Crowe's  picture  with  a 
divided  rule,  but  compared  the  body  of  Venus  with  the  size 
of  the  eye  of  Horrocks.  The  diameter  of  the  iris  of  most 
people  is  about  three-eighths  of  an  inch,  or  a  very  little 
more.  Horrocks'  head  is  not  far  from  the  Sun's  image, 
consequently  the  diameter  of  Venus  ought  to  have  been 
represented  as  about  two-thirds  of  the  diameter  of  the  iris 
of  Horrocks'  eye.  But  Jlr.  Crowe  represents  it  as  a  little 
round  black  spot  of  perhaps  a  fifth  of  the  diameter  of 
Horrocks'  iris,  making  allowance  for  the  fact  that  the  whole 
of  the  iris  has  not  been  shown.  The  disc  of  Venus  ought 
not  to  have  been  circular,  but  should  have  been  elliptical, 
like  the  foreshortened  disc  of  the  Sun. 

Mr.  Crowe  says  that  he  has  copied  Hevelius's  diagram, 
but  he  has  not  copied  the  scale  Hevelius  gives,  which  was 
so  carefully  drawn  by  Horrocks.  The  use  of  this  scale 
occupied  Horrocks'  attention  during  the  whole  of  the 
observation,  and  enabled  him  to  measure  the  diameter  of 
the  planet,  and  to  determine  its  place  upon  the  Sun's  disc. 
Curiously  enough,  Hevelius's  diagram  is  a  little  inaccurate. 
Horrocks  was  careful  to  say  that  he  made  his  divided  circle 
six  inches  in  diameter.  Hevelius's  diagram  is  about  six 
and  a  half  inches  in  diameter. 

Mr.  Crowe  has  also  given  an  Artist's  rendering  of 
Scheiner's  equatorial  stand,  especially  as  to  the  mounting 
of  the  octagonal  polar  axis,  which  could  not  have  been 
turned  in  its  bearings  as  it  is  drawn  by  Mr.  Crowe. 

I  hope  that  my  criticisms  will  not  have  the  effect  of 
deterring  Mr.  Crowe  from  again  attempting  an  astronomical 
subject.  I  should  be  delighted  to  be  of  service  to  him  if  he 
should  again  enter  the  field. — A.  C.  Eanyard.] 


BIRDS  AND  BERRIES. 

By  the  Rev.  Alex.   S.  Wilson,  M.A..  B.Sc. 
{Continued  from  juii/e  53.') 

THE  prevailing  colours  bf  succulent  fruits  are  red, 
blue,  purple,  orange,  and  black.  White  berries  are 
comparatively  rare.  In  this  respect  the  colours  of 
fruits  dift'er  from  those  of  flowers.  Black,  though 
occasionally  seen  in  violets,  is  rare  in  flowers  ; 
white,  on  the  other  hand,  is  common.  Perhaps  the 
explanation  of  this  dift'erence  is  to  be  foimd  in  the  circum- 
stance that  night-blooming  flowers  are  white  to  suit  their 
nocturnal  visitors ;  whereas,  very  few  frugivorous  birds 
being  nocturnal  in  their  habits,  we  should  expect  a 
corresponding  absence  of  pale-coloured  fruits.  The 
latter  might,  however,  be  readily  discovered  by  fruit- 
eating  bats.  If  at  any  particular  season  we  compare  the 
colours  of  the  fruits  then  ripe  with  the  tints  of  the  flowers 
in  bloom  at  the  same  time,  we  cannot  fail  to  remark  the 
greater  uniformity  of  colour  among  fruits.  Thus  the  fruits 
of  honeysuckle,  wild  rose,  yew,  and  holly  dift'er  much  less 
in  colour  from  each  other  than  the  contemporary  flowers. 

Notwithstanding  this,  birds  appear  to  recognise  when 
fruit  is  ripe  by  the  change  of  tint  it  shows.  We  have  seen 
a  rowan-tree  stand  for  days  and  no  birds  come  near, 
although  it  was  covered  with  berries  ;  but,  directly  these 
assumed  their  deep  orange  tinge,  numerous  blackbirds 
appeared  and  cleared  the  tree  in  a  single  day. 

Nature  commonly  avoids  the  superfluous.  The  colour 
of  the  fruit  in  many  instances  does  not  extend  over  its 
entire  surface,  but  is  confined  to  the  exposed  side ;  the 
concealed  portions  resembling  the  foliage  by  which  they 
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are  hidden.  Hence  the  rosy  cheek  of  the  apple,  peach,  &c. 
In  the  magnoHa  we  find  a  remarkable  arrangement.  Its 
fruit  is  dry  and  contains  but  one  seed.  One-seeded  fruits 
do  not  as  a  rule  open,  but  themselves  become  detached 
from  the  mother  plant,  and  are  dispersed.  Magnolia  is, 
however,  an  exception.  Itstme-seeded  fruit  which  remains 
on  the  branch  opens  suddenly,  and  the  seed  is  jerked  out  ; 
l)nt,  instead  of  falling  to  the  ground,  the  seed  is  retained 
by  its  long  string-like  stalk  or  funiculus,  and  hangs  down 
outside  the  capsule.  The  external  portion  of  the  seed 
is  succulent  and  coloured,  resembling  that  of  the  pome- 
granate, and  there  can  therefore  be  no  doubt  that  the 
object  of  thus  hanging  out  the  seed  is  to  expose  it  in 
such  a  way  that  it  will  readily  catch  the  eye  of  some  bird. 

A  peculiarity  noticed  in  the  raspberry  and  some  others 
is  deserving  of  mention.  The  fruit,  partially  hidden  by 
the  leaves,  can  be  seen  more  readily  by  a  person  standing 
at  some  distance  from  the  bush  than  when  close  beside  it. 
The  intention  seems  to  be  to  discourage  birds  from  settling 
on  the  plant  and  devouring  its  fruits  in  quantity  on  the 
spot.  This  peculiarity  compels  a  bird  to  make  more 
numerous  journeys,  and  secures  wider  distribution.  Further, 
when  the  bird  is  imder  the  necessity  of  flying  to  a  neigh- 
bouring tree  to  consume  the  fruit  it  has  got,  or  to  make  a 
survey  in  search  of  more,  the  seeds  stand  a  better  chance 
of  being  delivered  in  localities  favourable  to  their  develop- 
ment— that  is,  in  situations  where  birds  are  in  the  habit 
of  perching,  such  as  thickets  and  shaded  plantations 
corresponding  to  the  habitat  of  the  rasp  and  similar 
plants.  Wind-carried  seeds  would  have  very  little  chance 
of  penetrating  these  sheltered  situations  unless  of  minute 
size.  But  the  smaller  the  size  of  a  seed  the  more  scanty 
is  the  stock  of  nourishment  it  can  afford  for  the  develoiJ- 
ment  of  the  embryo  during  germination.  This,  to  plants 
which  aft'ect  a  shady  habitat,  would  be  a  decided  disad- 
vantage, and  therefore  the  mass  of  the  seed  cannot  with 
safety  be  reduced  below  a  certain  limit. 

Succulent  coloured  fruits  are  very  common  in  the  order 
Hosaceie,  to  which  most  of  our  cultivated  fruit-trees  belong. 
The  apple,  pear,  medlar,  quince,  peach,  plum,  cherry,  rasp, 
and  strawberry  are  members  of  this  order.  It  is  some- 
what remarkable  that  while  the  fruits  of  Rosacea;  are  thus 
highly  specialised  the  flowers  should  belong  to  a  com- 
paratively simple  type,  having,  as  a  rule,  separate  petals 
and  exposed  honey.  In  some  genera,  svxch  as  Alclifinillu 
and  I'litcviuiii,  the  flowers  appear  to  have  degenerated  into 
the  apetalous  condition. 

Glancing  over  the  list  of  plants  which  produce  succulent 
fruits,  we  observe  that  these  are  either  trees  or  shrubs, 
herbaceous  species  being  almost  unrepresented.  The  same 
rule  evidently  applies  to  fruits  which,  as  we  have  seen, 
holds  good  in  the  case  of  flowers  requiring  the  assistance 
of  birds.  Fruits  of  this  description  produced  too  near  the 
ground  would  not  only  escape  the  notice  of  birds  but  would 
present  a  strong  temptation  to  many  terrestrial  creatm-es, 
and  attract  a  host  of  enemies  in  no  way  fltted  to  help  in 
dissemination.  Of  this  we  have  convincing  evidence  in 
'  the  frequc'ncy  with  which  cultivated  strawberries  are 
devoured  by  snails.  Like  large  mellifluous  flowers,  fruits 
adapte<l  to  birds  require  to  be  placed  at  some  distance  from 
the  ground,  beyond  the  reach  of  snails,  larva-,  ants,  rodents 
and  larger  quadrupeds.  The  prickles  and  hairs  on  the 
stalks  and  outsides  of  many  flowers  are  believed  to  prevent 
small  creeping  insects  from  reaching  the  nectar.  Many  of 
thest!  structures  may,  however,  render  more  important 
service  in  defending  the  fruit  ;  the  prickles  of  the  rasp  and 
bramble  would  appear  to  be  of  use  in  protecting  the  fruit 
quite  as  much  as  the  flowers  and  foliage. 

Birds  in  eating  succulent  fruits  may  either  reject  the 


stones  and  seeds,  or  these  may  be  swallowed  and  pass 
through  the  intestines  of  the  bird  without  losing  their 
germinating  power.  This  ordeal  would  even  seem  to 
benefit  some  seeds  by  facilitating  their  germination.  It 
has  at  least  been  asserted,  on  reliable  authorit}-,  that  nut- 
megs which  are  swallowed  by  pigeons  for  the  sake  of  the 
mace,  thrive  much  better  if  dropped  by  the  birds  than 
when  planted  by  man.  Succulent  fruits  commonly  have 
seeds  so  hard  that  they  resist  the  action  of  the  mandibles, 
gizzard,  and  stomach  of  most  birds.  In  drupaceous  fruits 
the  seed  itself  is  not  hard,  but  it  is  enclosed  for  protection 
in  a  woody  endoearp  or  stone.  The  pomegranate  has  the 
testa  or  outer  layer  of  the  seed  soft,  but  the  central  core  is 
woody  ;  in  any  case  the  part  ultimately  dispersed  by  the 
birds  is  hard.  This,  in  the  date  and  grape,  is  the  seed  ;' 
in  the  strawberry  and  flg,  the  fruit  or  achene  ;  in  the 
cherry,  rasp  and  bramble,  the  endoearp  ;  and  in  the  goose- 
berry and  currant,  the  indurated  core  of  the  seed. 
Indurated  seeds  and  fruits  are  not,  however,  confined  to 
plants  which  employ  birds  in  the  work  of  dissemination. 
Mice,  squirrels,  and  other  small  rodents,  consume  large 
numbers  of  seeds,  and  where  this  danger  has  to  be  met  it 
is  of  the  highest  importance  to  a  plant  to  possess  hard 
seeds.  This  is  in  all  probability  the  explanation  of  the 
remarkably  hard  nutlets  of  some  of  the  Labiatie  and 
Boraginaceie,  and  of  the  stone-like  seeds  called  Brazil  nuts. 
The  flinty  cocci  of  Lit/iosjiiriiiiiiii  are  calculated  to  give 
even  a  rodent  the  toothache.  The  glassy  grains  of  Coir 
larrijmd,  known  as  .lob's  tears  and  used  as  beads,  and  the 
horny  albumen  of  the  palm  I'ht/tclt'iis  iiuicrocdrjKi,  which 
furnishes  vegetable  ivory,  are  marked  examples  of  this 
excessive  hardness. 

By  accidentally  dropping  nuts,  monkeys  and  squirrels 
may  occasionally  assist  in  dispersion  ;  but  it  may  be  doubted 
whether  this  occasional  service  is  a  sufficient  compensa- 
tion for  the  quantities  they  consume.  The  nuts  them- 
selves, at  least,  cannot  be  said  to  possess  any  special 
provision  for  this  mode  of  dispersion.  The  strong  beaks 
of  the  parrot  tribe,  on  the  other  hand,  are  well  adapted  for 
breaking  open  hard-shelled  fruits  of  this  description. 

A  disagreeable  taste  will  prevent  a  seed  being  eaten  by 
animals  or  swallowed  along  with  the  sweet  pulp  of  the 
fruit.  Such  is  apparently  the  meaning  of  the  bitterness 
of  the  orange  seeds,  of  one  variety  of  almond,  and  of  the 
fresh  spermoderm  of  the  walnut.  ( 'uirtihts  imliciis,  some- 
times used  to  give  bitterness  to  malt  liquors,  is  the  fruit 
of  a  plant  belonging  to  the  Menispcrmaceie.  The  seeds 
of  fox-glove  and  mullein  are  bitter,  and  those  of  the 
upas  tree  intensely  so.  In  other  cases  the  seed  has  a  hot, 
pungent  taste,  as  in  the  mustard  and  other  crucifers. 
Pepper  is  obtained  from  the  fruits  of  various  orders ; 
black  pepper  from  Pi'iicr  iiifiruiii  (Piperacea') ;  .Jamaica 
pepper  from  Hiii/oiiii  intin'ntu,  a  plant  of  the  myrtle  family  ; 
Cayenne  pepper,  chillies,  bird-pepper  and  cardamons  fi'om 
various  members  of  the  Solauaceae.  From  Xi;ii'lla  .tutira 
(Ranunculacea-),  Tasmanniii  oromatint  (Magnoliaceff), 
Xijloiiia  ardiiiiiticii  (Anonacca-),  from  the  Elatinaceus  or 
water-peppers,  some  of  the  \'erbenas,  the  Polygouacea' 
(I'oli/i/oiKiiii  lii/ilrojii]i,r).  and  from  some  plants  of  the 
ginger  order,  pungent  or  peppery  seeds  are  obtained. 

The  fruits  of  the  guelder  rose,  honeysuckle,  ivy,  dog- 
mercury,  lobelia,  and  of  some  of  the  fox-glove  order 
possess  emetic  properties,  so  that  in  the  event  of  the  seeds 
being  swallowed  there  is  a  possibility  of  their  being  vomited 
up  again.  The  robin  eats  the  berries  of  honeysuckle, 
but  vomits  them  afterwards.  The  fig  and  tamarind  are 
examples  of  laxative  fruits,  a  quality  shared  to  a  greater  or 
less  degree  by  most  of  the  succulent  class.  Many,  indeed, 
are  powerful  purgatives,  such  as  the  colocyuth  [i  itnillu^ 
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Cdlonjnt/iia)  (Cucurbitace!*),  the  jalap  (Iiwnuca  purya) 
(Convolvnlaceiv),  Kui'lioi-hia  Lathyris,  the  croton-oil 
plant  {Cri'tiiii  'rii/liuni).  the  castor-oil  plant  {niciniix  nmi- 
viunia),  the  physic  nut  {Jatriqiha  Cuirns)  (EuphorbiaceiP) ; 
n/mnnnis  riitluiitiius,  Bniiiiux  cntlKirticv.i,  ]j.  /lurganf:,  xc. 

Emetic  and  purging  seeds  are  not  likely  to  be  retaine<l 
long  enough  in  an  animal's  stomach  to  admit  of  their 
germinating  power  being  destroyed. 

Narcotic  and  poisonous  properties  are  not  uncommon 
in  seeds  and  fruits.  We  have  marked  examples  of  this  in 
Ativjiii,  lli/ii.si;/(imiis,  Andromeda,  Strijchnos,  and  in  some 
of  the  Apocynace*  and  Umbelliferie.  A  seed  that 
occasions  the  death  of  any  animal  that  swallows  it  might 
be  benefited  by  its  poisonous  properties  if  the  rich  soil 
furnished  by  the  decaying  body  of  its  victim  were  neces- 
.sary  for  its  germination.  But  it  is  hardly  possible  that 
this  can  be  the  end  intended  in  all  poisonous  seeds.  If 
any  plant  were  systematically  to  poison  the  birds  on 
which  it  depended  for  dispersion  one  of  two  things  must 
happen.  Either  this  short-sighted  policy  would  lead  to 
the  extermination  of  its  benefactors,  or  the  birds  would 
gradually  learn  to  avoid  its  fruits.  In  any  case  the  plant 
would  lose  its  means  of  dispersion,  and  place  itself  at  such 
a  disadvantage  in  the  competition  with  other  species  as 
would  in  the  long  run  lead  to  its  own  extinction.  Further, 
it  must  be  remembered  that  substances  poisonous  to  man 
and  certain  other  animals  are  without  effect  on  certain 
others.  Thus,  rabbits  eat  the  leaves,  and  thrushes  the 
berries,  of  the  deadly  nightshade  ;  strychnine  is  said  to 
have  no  injurious  effects  upon  monkeys.  Poisonous  com- 
pounds may  be  formed  in  plants  and  occur  as  accidental 
qualities,  just  hke  the  mineral  poisons  of  the  inorganic 
world.  It  seems  improliable  that  these  poisons  should 
be  produced  in  fruits  for  the  purpose  of  destroying  the 
agents  concerned  in  dispersion.  If,  however,  this  should 
tiu:n  out  to  be  the  case  in  some  instances,  it  would  after 
all  be  no  more  wonderful  than  what  occurs  in  such 
insectivorous  plants  as  Drosera  and  Dionoea. 

Birds  are  known  to  eat  many  poisonous  fruits  with 
impunity.  The  fruits  of  the  manchineel  [Hippuinani) 
contain  a  deadly  poison,  and  yet  certain  birds  in  South 
America  eat  them  without  injury,  just  as  happens  in  oitr 
own  country  with  the  scarlet  berries  of  the  honeysuckle. 
The  active  principle  of  castor  oil  is  not  found  in  any  part 
of  the  seed  except  the  embryo,  and  the  poison  in  several  of 
the  Solanacese  is  said  to  occur  only  in  the  outer  covering 
of  the  seed  and  not  at  all  in  the  pericarp.  All  parts  oi 
Hyoscyamus  are  more  or  less  isoisonous.  Its  popular 
name  of  Henbane  arises  from  the  idea  that  it  has  a  special 
fatality  for  hens.  This  is  quite  intelligible  on  the  sup- 
position of  the  poison  being  concentrated  in  the  outer 
layers  of  the  seed.  On  account  of  the  trituration  to  which 
the  seeds  are  subjected  m  the  gizzard,  they  are  much  more 
likely  to  prove  fatal  to  a  gallinaceous  fow'l  than  to  other 
birds  with  weaker  stomachs. 

Such  considerations  indicate  that  the  use  of  these 
poisonous  properties  may  be  to  prevent  the  fruits  being 
eaten  by  animals,  which  woitld  so  thoroughly  digest  the 
seeds  that  their  germinating  power  would  be  destroyed. 
The  development  of  poisonous  principles  in  connection 
with  the  fruit  is  probably  of  use  also  as  a  protection 
against  injurious  insects.  These  are  very  ready  to  attack 
fruits  in  all  stages  of  growth  ;  it  is  quite  conceivable,  there- 
fore, that  the  poisons  in  berries  are  primarily  intended  to 
act  as  insecticides,  and  that  later  on  they  come  to  be  of  use 
in  keeping  away  other  animals  capable  of  injuring  the 
seeds. 

When  a  poisonous  principle  first  began  to  be  developed 
in  any  particular  fruit,  the  birds  which  fed  on  it,  we  should 


naturally  suppose,  would  become  gradually  inured  to  the 
poison  until  it  completely  lost  its  effect.  The  liking  of 
parrots  for  peppercorns,  in  all  probability,  is  an  acquired 
taste.  Immunity  from  particular  poisons  might  be  ac- 
quired in  the  same  way  as  we  may  suppose  the  strong 
mandibles  of  the  parrot  have  been  acquired  in  relation  to 
hard-shelled  fruits.  Where  poisoning  occurs  it  would 
seem  to  be  accidental,  and  should  perhaps  be  regarded  as 
arising  from  imperfect  instincts,  or  as  the  inevitable  con- 
comitant of  a  transition  stage  in  development  towards 
more  perfect  adaptation.  On  the  same  principle  we  should 
also  be  disposed  to  explain  the  case  of  those  Aroids  whose 
flowers,  according  to  Delpino,  poison  the  snails  on  which 
they  depend  for  fertilisation. 

(7V/  )ic  idiitiiaccil.) 


Notifts  of  Boofts. 


TcU'sciipc  TI'o/7r  for  StarJiijht  Ercnimix.  By  William  F. 
Denning,  F.E.A.S.  (London,  1891,  Taylor  &  Francis.) 
]\Ir.  Denhing  is  so  well  known  as  a  patient  observer  of 
meteors  and  of  comets,  that  a  work  from  him  on  obser- 
vational astronomy  will  be  looked  upon  with  special  interest. 
The  plan  of  the  book  is  somewhat  on  the  lines  of  the  late 
Mr.  Webb's  ('ehstitd  objects  for  I'miniuin  Teleaenpes ; 
though  it  does  not  profess  to  compete  with  it  in  the 
detailed  description  of  the  moon  or  of  stellar  objects.  One 
naturally  turns  first  of  all  to  Mr.  Denning's  chapter  on 
meteors  and  meteoric  observations,  which  contains  some 
striking  pictures  of  detonating  meteors,  and  of  double  and 
curved  meteor  tracks.  The  meteor  masses  which  enter 
the  air  are  occasionally  so  irregular  in  shape  that  the 
resistance  of  the  atmosphere  as  they  pass  quickly  through  it 
drives  them  out  of  their  original  course.  Mr.  Denning  says 
that  several  outbursts  of  hght  are  often  noted,  and  sometimes 
a  curious  halting  motion  ( which  must  of  course  lie  an  optical 
illusion)  has  been  noticed.  He  states  that  he  has  occasion- 
ally remarked  a  succession  of  brilliant  flashes  given  by  one 
fireball.  These  flashes,  though  sometimes  of  startling  in- 
tensity, are  somewhat  difl'erent  from  the  transient  vividness 
of  lightning,  they  come  more  softly,  and  Mr.  Denning 
says  that  they  remind  him  of  moonlight  breaking  suddenly 
through  the  clear  intervals  in  passing  clouds.  Great 
difi'erences  are  noted  in  the  velocity  of  meteors ;  some 
move  very  slowly,  while  others  shoot  quickly  across  the 
sky.  These  difi'erences  are  caused  by  the  astronomical 
conditions  aft'ecting  the  position  of  the  meteor-orbil; 
relatively  to  the  motion  of  the  earth.  Thus  the  meteors 
of  November  13tli  move  with  great  velocity  (44  miles  per 
second),  because  they  come  from  th'e  part  of  the  heavens 
towards  which  the  earth  is  moving  with  a  speed  of 
18^  mOes  per  second,  while  the  meteors  themselves  are 
moving  in  nearly  a  contrary  direction  with  a  velocity  of 
26  miles  a  second.  But  in  the  case  of  the  meteors 
belonging  to  the  shower  of  November  27th,  the  meteors 
catch  up  the  earth  from  behind  ;  their  relative  motion  is 
therefore  extremely  slow,  being  only  about  10  miles  a 
second.  On  November  12th,  1790,  Humboldt  at  Cumana, 
in  South  America,  saw  "  thousands  of  bolides  and  falling 
stars  succeed  each  other  during  fom-  hours."  On 
November  12th,  1833,  the  shower  recurred,  and  was 
witnessed  with  magnificent  effect  in  America.  It  was 
first  noted  during  this  shower  that  the  meteor  tracks  all 
seemed  to  radiate  from  a  point  in  the  heavens  ;  subse- 
quently Heis  in  Germany,  Schmidt  at  Bonn  and  Athens, 
Mr.  R.  P.  Greg  and  Prof.  Alex.  Herschel  in  England,  bv 
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continued  observations  discovered  many  other  radiant 
points  in  the  heavens  from  which  the  meteors  which  fall 
at  other  times  of  the  year  appear  to  radiate.  Mr.  ]3enning 
has  most  sj-steuiatically  extended  the  work,  until  now 
more  than  a  thousand  of  suc-li  radiant  regions  in  the 
heavens  are  knowu- 

Ojitinil  I'rqjt'ctioii,  it  tiriitiae  i>n  tlw  Uxr  of  tin  LiiiitfDl.  15y 
Lewis  Wright  (Longman,  Green,  &  Co.)  The  lantern  is 
becoming  more  and  more  widely  used  by  teachers  and 
lecturers,  as  it  enables  them  to  throw  upon  the  screen 
enlarged  images  of  physical  phenomena,  and  to  perform 
many  experiments  in  the  presence  of  large  audiences  which 
formerly  could  only  with  difficulty  be  exhibited  to  two  or 
three  at  a  time.  But  one  still  frequently  sees  demon- 
strators who  never  half  develop  the  powers  of  their 
apparatus  solely  for  want  of  duly  considering  its  optical 
properties.  This  does  not  apply  only  to  itinerant  lecturers, 
but  to  polarization  and  other  physical  phenomena 
projected  with  the  most  elaborate  electric-light  apparatus 
at  places  which  may  be  considered  the  very  headquarters 
of  scientific  exposition  ;  experiments  are  frequently  shown 
in  a  manner  which  gives  inferior  results  to  those  which 
may  be  obtained  with  only  oxy-hydrogen  illumination. 
Such  a  book  as  Mr.  Lewis  Wright  has  given  us  will  there- 
fore be  widely  welcomed.  It  deals  not  only  with  the 
optics  of  the  lantern,  but  -with  all  sorts  of  lantern 
accessories,  screens,  slides,  the  lime  light,  the  preparation  of 
gases,  &c.  Several  chapters  are  devoted  to  descriptions 
of  experiments  suitable  for  projection  on  the  screen, 
many  of  which  are  ingeniously  contrived.  Mr.  Lewis 
Wright  has  had  large  experience  in  such  work,  and  has 
for  years  made  it  a  special  hobby.  He  was  already 
favourably  known  to  us  by  his  excellent  text-book  on  "Light 
and  Experimental  Optics,"  and  the  pi'esent  work  exhibits 
equal  resource  and  ingenuity.  In  projecting  the  apparatus 
necessary  for  experiments,  as  well  as  pictures  upon  the 
screen,  it  is  not  as  easy  as  might  at  first  sight  be  imagined 
to  arrange  for  an  equal  illumination  of  the  field,  and  that 
as  many  rays  as  possible  may  be  made  to  fall  upon  the 
slide  or  object,  and  also  to  pass  through  the  projecting  lens. 
Mr.  Wright  has  been  especially  happy  in  contriving  means 
to  this  end,  suitable  for  very  various  classes  of  experiments, 
and  different  degrees  of  magnification.  He  states  that 
the  preparation  of  his  book  was  suggested  to  him  by  Mr. 
Herbert  C.  Newton,  with  whom  he  has  spent  much  time 
in  contriving  and  testing  scientific  optical  apparatus  for 
the  use  of  colleges  and  public  institutions,  and  the  work 
is  in  some  senses  a  joint  production,  Mr.  Newton's  firm 
having  made  this  branch  of  optical  manufacture  a 
speciality,  have  been  enabled  to  otter  Mr.  Wright  special 
facilities  for  experiment,  and  the  result  is  eminently 
satisfactory. 


Hcttcvs. 


[Thu  Eilitor  does  not  hold  himself  responsible   for  the  opinions    or 
statements  of  correspondents.] 


IIIK     liKILLlANC'Y    (IF     DorHl.K    STARS. 

To  tin'  Kditor  af  Knowledck. 

SiK, — Mr.  Maunder  falls  into  a  mistake  in  supjiosing 
that  my  formula  in  Tin-  Ohsci-nitoni,  Vol.  X.,  gives  the 
"  mass-brightness  "  or  "  candle-power  per  ton  "  of  a  binary 
star.  The  proper  expression  would  be  "  density-bright- 
ness," not  "  mass-brightness,"  /.<•.,  the  relative  illumination 
per  unit  of  sm'face  on  the  assumption  that  the  stars  were. 


in  all  cases,  globes  of  equal  density.  This  correction,  1 
think,  renders  Mr.  Maunders  figures  rather  more  favour- 
able to  his  conclusion,  but  the  error  is  worth  correcting 
as  it  occurs  in  Professor  Young's  well-known  text  book, 
though  it  will  no  doubt  be  rectified  in  the  next  edition. 
According  to  Mr.  Maunders  table,  only  one  Slrian  star  has 
a  density-brightness  lower  than  the  average  for  Solar  stars, 
while  in  no  case  does  the  density-brightness  of  a  Solar 
star  rise  to  the  average  for  the  Sirian  class.  I  may  notice 
that  my  figures  in  The  Ohxerratonj  for  the  two  stars  X  and 
r  Ophiuchi  were  vitiated  by  an  error  in  the  computation. 
This  has  been  corrected  by  Mr.  Gore. 

Dublin,  .June  6th.  "  W.  H.  S.  Monck. 

EkI'LY    of    ilK.    ilAUXDtll. 

I  am  obliged  to  Mr.  Monck  for  his  correction,  which  1 
had  myself  perceived  the  necessity  for  almost  immediately 
after  I  saw  my  article  in  type.  It  is  curious  how  easily 
one  can  make  and  pass  over  so  obvious  an  error,  which 
looks  "  gross  as  a  mountain  "  when  the  attention  is  called 
to  it. 

My  mistake  arose  from  a  too  natural  interpretation  of 
Prof.  Young's  graphic  but  misleading  expression  of  "  candle- 
power  per  ton,"  which  caught  my  fancy  and  which  I 
followed  up  without  examination.  The  process  Mr.  Monck 
gave  in  I'lie  Olmerratnri/,  and  which  Mr.  Gore  and  Prof. 
Young  have  adopted  from  him,  gives  us  the  relative  bright- 
ness per  unit  of  surface,  assuming  that  the  two  binaries 
have  the  same  density.  As  Mr.  Monck  says,  my  mistake, 
however  inexcusable,  does  not  vitiate  my  conclusions ; 
rather  the  other  way.  Assuming  that  the  illumination 
per  unit  of  surface  is  the  same  for  all  stars,  and  computing 
the  relative  density,  Mr.  Monck's  formula  gives  the 
average  Solar  star  as  fourteen  times  as  dense  as  the 
average  Sirian  star.  The  net  result,  therefore,  of  such 
materials  for  comparison  between  the  two  types  as  we  at 
present  possess  gives  the  preponderance  to  the  Solar  stars 
in  total  radiation,  in  size,  and  in  density  ;  and  the  more  I 
think  over  the  facts  we  have  before  us — meagre  enough,  I 
admit — the  more  I  am  inclined  to  consider  the  generally 
received  interpretation  of  stellar  type  as  the  result  of  an 
over  hasty  generalization,  and  to  consider  that  difference 
of  type  of  spectrum  most  generally  indicates  an  actual 
difference  of  constitution. 

E.  W.  Mainder. 


I'KRl'KTr  \1.     CAl.KNDAKS. 
To  the  Eiliiiir  III  Knowledge. 

SiK, — Circvdar  Calendars  have  been  numerous.  My 
brother  published  one  fifty  years  ago,  so  far  as  I  remember, 
similar  to  Mr.  Prince's,  but  smaller.  1  bought  one  more 
than  twenty  years  ago  in  Paris,  a  very  neat  little  thing,  on 
white  metal,  about  the  size  of  a  two-franc  piece,  and  some 
ten  years  since  one  was  described  in  the  Kmilixh  Mirlnuiii-, 
consisting  of  three  circles,  one  being  for  centuries.  The 
chief  drawback  to  their  use  is  their  absence  when  wanted, 
and  the  trouble  of  referring  to  the  printed  addendum  to 
find  the  Sunday  Tjctter. 

The  handiest  mental  rule  1  have  come  across,  dispensing 
with  all  reference  whatever,  is  the  following.  By  its  use, 
I  think  the  week  day  for  any  date  may  be  much  more 
readily  found  than  by  any  circular  calendar  or  similar 
nieans. 

Rule  :  From  half  following  Leap  Year  subtract  years 
past.  In  other  words,  from  half  the  next  greater  multiple 
of  4,  take  the  remainder  on  dividing  year  by  4.  Divide 
by  7  ;  remainder  is  date  of  first  Sunday  in  March  of  given 
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May 

2 

October 

June 
November 

July 

4 

December 

3 

4; 

5 

yeai'.      The   year  of  century  only   must  be   used.       For 
other  months  arrange  and  number  them  as  follows  : — 
March         April 

0  i: 

August     September 

1  2; 

January     February 

2  3J 

Add  the  number  for  the  month  to  that  foimd  for  March, 
plus  3  when  marked  thus  J,  reject  sevens;  remamder  is 
date  of  first  Sunday  in  given  month,  from  which  other 
days  may  be  found.  Note. — January  and  February  are 
the  last  two  months  of  preceding  year ;  also,  that  the 
numbers  m  second  and  fourth  columns,  marked  J,  are 
30-day  months. 

The  above  is  for  present  century  only.  For  next  century 
add  2 ;  for  last  centiu'y  reduce  by  2,  and  generally  for  any 
century,  new  style,  divide  centimes  by  4  ;  twice  remainder 
plus  3,  throwing  out  sevens,  gives  number  to  be  added. 

Old  style  centuries  :  To  centuries  add  5,  or  subtract  2, 
and  reject  sevens. 

Examples.  1891.  Next  following  leap  year  is  92,  half 
is  46  ;  being  third  after  leap  year,  deduct  3  ;  dinde  by  7, 
remainder  is  l  =  date  of  first  Sunday  in  March.  April  is 
1  +  1+3  =  5;  May,  1  +  2=3;  June,  1+3  +  3=7;  Decem- 
ber, 1  +  5  =  6  ;  February,  '92,  1+3  +  3  =  7,  &c.,  &c. 

A.D.  1,  O.S.  Centuries=0  +  5=5;  year=2— 1  =  1  ; 
5  +  1  =  6,  date  of  Sunday  in  March. 

1815,  Jime.  Centuries=0;  year  is  8 — 3  +  3  +  3=11  + 
7=  18th,  a  Sunday. 

Yours  truly, 

C.  Lund,  Ilkley. 

To  the  KiUtor  of  Knowledge. 

SiK, — I  was  very  pleased  with,  and  greatly  interested 
in,  Mr.  Hutchinson's  article  on  "  The  Cause  of  Volcanic 
Action,"  which  appeared  in  the  current  month's  issue  of 
Knowledge.  But  there  is  one  point  upon  which  I  should 
feel  extremely  obliged  if  Mr.  Hutchinson  would  give  a  little 
further  information.  On  page  106  he  says,  "  A  much  more 
promising  explanation  is  that  there  are  below  the  crust  of 
the  earth  large  masses  of  highly  heated  rock,  kept  solid  by 
the  enormous  pressure  of  overlying  rocks  ;  and  when  earth- 
movements  take  place  within  the  crust,  such  as  the  up- 
heaving of  a  mountain  chain,  taking  off  some  of  the  weight, 
the  balance  of  jjressure  is  no  longer  maintained,  and  so 
the  highly  heated  rock  runs  off  in  a  liquid  state,  and  finds 
its  way  to  the  surface,  producing  volcanic  action."  I 
should  like  to  ask,  am  I  right  in  assuming  that  the  above 
explanation  refers  only  to  the  original  formation  of  vol- 
canos,  and  if  so,  what  is  the  disturbing  cause  m  the  case 
of  Vesuvius,  Etna,  and  other  mountains,  which  have  longer 
or  shorter  periods  of  quiescence,  and  when  active  are  not 
associated  (as  far  as  I  am  aware)  with  earth-movements 
such  as  the  upheaval  of  mountain  chains  '?  In  the  theory 
propoimded  by  Bisohoft'  (who,  I  thmk,  believed  the  -centre 
of  the  earth  to  be  in  a  molten  state),  water  is  the  great 
factor  as  a  disturbing  cause.  It  also  plays  a  very  great 
part  in  the  theory  (chemical  changes)  propounded  by  Su- 
Humphry  Davy,  who  held  the  opposite  view  with  regard 
to  the  earth's  interior.  Hoping,  sir,  that  you  wUl  kindly 
find  a  corner  for  this  request  in  your  next  issue, 
I  remain,  yours  faithfully, 

H.  Chkistopher. 

[A  scientific  theory  which  is  "  not  proven  "  must  neces- 
sarily leave  room  for  some  diiSculties.  I  thmk  it  was 
Wellington  who  said  the  best  general  was  the  one  who 
made  the  fewest  mistakes.     So  with  scientific  theories — 


that  one  is  the  best  which  presents  the  fewest  difficulties. 
The  question  raised  by  Mr.  Christopher  is  not  easUy  an- 
swered. The  explanation  of  volcanic  action  referred  to  in 
my  paper  applies  to  the  original  formation  of  volcanos, 
and  explains  their  association  with  mountain  chains  ;  but, 
at  the  same  time,  I  conceive  that  it  also  applies  to  the 
case  of  Vesu\-ius  and  other  volcanos  now  in  eruption, 
which  do  not  appear  to  him  to  be  associated  with  the  up- 
heaval of  mountain  chains.  But  in  reality  they  are  so 
associated.  The  upheaval  of  the  mountain  chain  was  the 
cause  which  brought  them  into  existence,  and,  ha\ang 
once  begun  their  activities,  they  go  on  for  a  long  period— 
probably  until  the  balance  of  pressure  below  has  been 
restored  by  the  creeping  of  heated  rocky  matter  in  that 
direction.  Vesu\-ius  will  go  on  as  long  as  such  matter  is 
slowly  impelled  to  its  neighbourhood,  just  as  water  wiU 
squirt  out  of  an  indiarubber  ball  as  long  as  you  squeeze  it. 
When  other  earth-movements  start  somewhere  else  the 
movement  may  take  place  towards  some  other  Ime  of  up- 
heaval which  at  present  does  not  exist.  This  does  not 
necessarily  imply  the  presence  of  molten  rock  below,  but 
only  of  rock  sufficiently  heated  and  viscous  to  creep  along 
as  clay  or  putty  would  imder  pressure.  I  cannot  believe 
that  water  is  the  disturbing  cause,  for  it  must  be  present 
in  considerable  quantity  in  all  subterranean  regions. 
Lastly,  a  very  little  disturbance  of  the  earth's  crust  may 
suffice  to  alter  the  balance  of  pressure  below. — H.  N. 
Hutchinson. T 


To  the  Editor  of  Knowledge. 
SiE, — No  doubt  most  of  your  readers  have  been  favoured, 
at  some  period  of  their  Ufe,  with  a  proof  that  one  is  equal 
to  two.     Perhaps  the  enclosed  view  of  the  matter  may  be 
equally  convincing. 

Yours  faithfully, 

R.  Chabtres. 


Let  B  E  C  D  be  a  section  of  a  thin  spherical  shell,  and 
A  B  C  a  section  of  a  cone  touching  the  shell. 

It  is  easily  seen  that  the  attraction  of  the  lower  part 
B  D  C  on  A  is  exactlyj  equal  to  that  of  the  upper  part 
BEG.     Therefore,  the  attraction  of  the  whole  shell  will 
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be  double  that  of  tbe  lower  part  B  D  C.  Now,  let  A 
gradually  approach  the  shell,  then  the  lower  part  B  D  C 
gets  larger,  but  the  attraction  of  the  shell  is  still  double  of 
it  ;  and  ultimately,  when  A  coincides  with  E,  the  attrac- 
tion of  the  shell  is  double  of  itself.  E.  CH.uiTKEs. 

[This  is  perhaps  too  difficult  for  some  of  the  readers  of 
Knowledge,  who  may  welcome  a  word  of  explanation. 

The  attraction  of  the  lower  part  of  the  spherical  shell 
B  D  C  on  a  particle  at  A  may  be  shown  to  be  equal  to  the 
attraction  of  the  upper  part  B  E  C,  which  lies  within  the 
enveloping  cone  BAG,  by  considering  the  attractions  of 
the  small  portions  of  the  thin  shell  cut  out  by  a  cone  of  very 
small  angle  with  its  vertex  at  A.  We  have  M  N  is  to  m  n 
as  A  N  is  to  A  n,  and  the  portion  of  the  thin  spherical  shell 
intercepted  at  M  N  is  to  the  portion  intercepted  at  m  n  as 
A  N-  is  to  A  «-.  But  the  attractions  on  the  particle  at  A 
are  inversely  as  the  square  of  the  distance  from  A.  There- 
fore, the  portions  intercepted  on  the  nearer  and  further  side 
of  the  shell  will  attract  the  particle  at  A  equally.     Hence, 


the  whole  exterior  portion  B  D  C  attracts  a  particle  at  A 
equally  with  the  mterior  portion  BEG.  But  this  is  only 
true  for  a  shell  the  thickness  of  which  vanishes  compared 
with  the  distance  of  A  from  the  shell.  In  the  case  of  a 
particle  approaching  and  ultimately  resting  on  a  shell  of 
sensible  thickness — we  may  determine  the  attraction  by 
considering  the  shell  as  composed  of  a  number  of  very 
thin  concentric  strata.  In  Eig.  II.  let  S  S',  T  T',  E  E' 
represent  thin  concentric  strata,  with  centre  C,  the  particle 
being  at  A.  Bisect  A  G  in  D,  and  with  centre  D  describe 
the  circle  A  S  T  E  G.  Then  A  S,  A  T,  A  E  will  be 
tangents  to  the  circles  S  S',  T  T'  and  E  E',  for  the  angles 
A  S  G,  A  T  C  and  AEG  are  all  right  angles,  since  the 
points  S  T  E  lie  on  a  semi-circle  with  diameter  A  G. 
The  attraction  of  the  portion  of  the  thin  spherical 
stratum  U  II'  within  the  enveloping  cone  will  be  equal  to 
the  attraction  of  the  whole  of  the  rest  of  the  stratum,  and 
so  for  any  other  thin  stratum  T  T'  or  S  S' ;  consequently, 
for  a  shell  of  sensible  thickness,  the  attraction  of  the 
material  within  the  small  sphere  A  S  T  E  C  11'  T'  S'  will 
be  equal  to  the  attraction  of  the  whole  of  the  rest  of  the 
shell. 

In  the  case  discussed  by  Mr.  Chartres,  when  the 
spherical  shell  is  thin  there  will  be  very  little  attracting 
matter  within  the  smaller  sphere  described  on  the  radius 
of  the  larger  sphere  as  diameter,  but  as  this  matter  is  close 
to  A  the  intensity  of  the  attracting  action  will  be  con- 
siderable, and  will  balance  the  attracting  action  of  the  rest 
of  the  shell. — A.  C.  Eanvard.1 


THE  POTATO  FUNGUS. 

By   J.    Pentland    Smith,    M.A.,   B.Sc,  &c.,  Lecturer  on 
Botany,  Horticultural  Gollege,  Swanley. 

IN  the  "  Travels  and  Life-History  of  a  Fungus," 
chronicled  in  the  .June  numljer  of  Knowxedge,  the 
nature  of  those  lowly  organisms  termed  Fungi 
was  briefly  sketched.  The  example  then  selected 
had  an  extremely  interesting  and  complex  life-history, 
but  the  reader  will  probably  acknowledge  that  the  form 
which  is  brought  before  his  notice  in  this  paper  has  an 
equally  romantic  story  to  tell.  Its  ravages  have  been  the 
subject  of  much  discussion  lately  in  connection  with  the 
distress  prevalent  amongst  the  Irish  peasantry,  but  that 
was  not  the  first  time  that  it  had  occupied  the  attention  of 
the  public  and  Parliament  in  this  country.  In  fact,  to 
quote  the  words  of  Dr.  Plowright,  in  a  lecture  delivered 
lately  at  the  Eoyal  College  of  Surgeons,  and  reported  in  the 
(Jardenerx'  Chronicle,  "  of  all  the  plant  diseases  of  fungoid 
origin,  there  is  none  which  has  aroused  more  general 
interest  than  that  caused  by  the  parasitic  Fungus,  known 
to  scientists  as  Plii/tniihtJwm  iufofttois.  This  is  one  of  the 
very  few  Fungi  which  can  claim  to  having  eliected  a  change 
in  the  laws  of  our  laud.  Politicians  and  reformers  take 
credit  to  themselves  for  having,  by  dint  of  much  writing 
and  more  talking,  brought  about  the  repeal  of  the  corn 
laws,  but  there  are  those  who  still  say,  if  it  had  not  been 
for  the  Potato  disease  and  the  famine  it  caused  in  Ireland, 
this  political  change  would  not  have  taken  place  until  long 
after  it  really  did." 

It  was  in  181.3  that  the  first  attack  general  over  Great 
Britain  and  Ireland  was  noticed,  but  more  localised  attacks 
in  this  and  neighbouring  lands  had  been  chronicled  in  pre- 
vious years  ;  they,  however,  were  so  sUght  as  not  to  attract 
much  attention.  "  So  momentous  a  calamity  as  befell 
Great  Britain  and  Ireland,"  says  Dr.  Plowright,  '•  by  the 
failure  of  the  potato  crop  has  seldom  been  equalled,  and  is 
quite  without  parallel  in  the  records  of  food-supply  in  our 
time." 

The  Potato  {Solanum  tuberosiun)  belongs  to  the  Natural 
Order,  or  group  of  plants,  Solmuicece.  Its  native  place  is 
the  Cordilleras  of  Chih,  and  perhaps  of  Peru.  Its  parasite 
in  this  country  doubtless  attacked  it  in  its  native  wilds.  It 
is  now  upwards  of  300  years  since  it  was  introduced  into 
Europe,  first  by  the  Spaniards  and  afterwards  by  Ealeigh, 
but  until  half  a  century  ago  no  appearance  of  the  Plnjtoph- 
thora  infcutana  was  noticed.  We  reserve  a  probable  expla- 
nation of  this  curious  circumstance  until  the  description  of 
the  fungus  itself. 

During  July  and  August,  especially  in  sultry,  damp 
weather,  a  pestiferous,  sickening  odour  may  be  observed 
to  arise  from  the  potato-fields.  An  examination  of  the 
plants  shows  that  they  are  evidently  in  a  diseased  state. 
The  leaves  are  curled  up,  and  they  and  the  stems  have  a 
blackened  appearance.  This  condition  is  the  result  of  a 
visit  of  I'lii/tojihtliura  i)i/i-st(iii!<.  The  first  indication  of  the 
presence  of  the  fungus  is  the  appearance  of  dark  patches 
on  the  leaves,  then  circular  or  oval  patches  of  a  whitish 
bloom  arise  as  if  by  magic  on  the  under  surface  of  the 
leaves.  Microscopic  investigation  reveals  the  cause  to  be 
of  a  fungoid  nature.  If  the  meteoric  conditions  are  favour- 
able for  the  further  growth  of  the  fungus  the  field  of 
potatoes  may  be  a  blackened,  putrescent  mass  in  a  few 
days. 

Figure  I.  is  a  semi-diagrammatic  transverse  section  of  a 
Tomato-leaf.  The  Tomato  (Li/vopfisinon  esciili'tttiiin)  belongs 
to  the  same  natural  order  as  the  potato,  and  like  it.  ospccialiy 
when  grown  out  of  doors,  is  extremely  hable  to  the  attacks  of 
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Fig.  I. — Transverse  section  of 
leaf  of  tomato  (semi-diagram- 
inutic).  The  leaf  is  upside  down. 
The  luyceliiim  (m ;/)  of  Fhtitoph- 
thora  infesians  is  raiuifving 
through  the  mesophyll  tissue 
(/«),  and  a  gonidium  bearing 
branch  has  found  exit  at  a  stoma. 


this  fungus,  as  the  writer 
witnessed  here  last  year. 
Other  plants  (such  as 
the  henbane)  fouiid  in 
this  order,  are  also  sub- 
ject to  its  attack.  The 
natural  position  of  the 
leaf  is  reversed,  so  that 
the  under  surface  is 
uppermost.  A  thin 
stalk,  which  branches 
in  the  external  medium, 
issues  from  a  stoma. 
Eamifj-ing  between  the 
mesophyll  (middle-leaf 
tissue)  cells  are  thread- 
like bodies  connected 
with  this  branched  stalk. 
The  latter,  in  fact,  is 
merely  a  jjrolongation 
of  these  threads.  They 
are  the  hyplne  of  the 
fungus myceHum"  which 
nourishes  itself  at  the 
expense  of  the  nutrient 
matter  in  the  cells  of  the 
plant,  and  induces  the  putrefactive  action  that  may 
ultimately  result  in  the  total  decomposition  of  the  whole 
plant.  This  fungus  is  thus  distinctly  a  parasite.  The 
mycelium  penetrates  the  cells  by  means  of  small  processes, 
liiiustiirin,  or  suckers  ;  they  seem  to  have  a  putrefactive 
action.  The  blocking  up  of  the  stomata  or  transpiring 
organs  of  the  plant  prevents  free  evaporation  of  water,  and 
so  hastens  the  decay  initiated  by  the  haustoria.  The 
branching  filament  figured  as  proceeding  from  the  stoma 
IS  only  one  of  myriads  that  may  be  found  on  one  plant. 
It  is  divided  by  a  number  of  transverse  divisions,  and  on 
the  ends  of  some  of  the  branches,  as  well  as  on  the  main 
stem,  oval  bodies  are  represented.     Reference  to  Figure  II. 

will  show  these 
more  distinctly. 
The  manner  of 
growth  of  this 
branched  stalk 
merits  description. 
On  the  end  of  the 
stalk  and  of  its 
branches  a  swell- 
ing appears,  and 
is  cut  off  in  each 
case  fi'om  the  stem 
on  which  it  arises 
by  a  transverse 
septum.  The  bod- 
I  ies  so  produced  are 

reproductive  cells 
as  we  shall  present- 
ly see,  and  hence 
are  termed  r/oHirf/rt. 
A  slight  swelling 
appears  on  the 
stalks  below  each 
gonidium,  and 
afterwards  growth 
in  length  takes 
place,    the    result    being    that    the    gonidia    are    pushed 
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Fig.  II. — More  highly  magnified  view 
uf  gonidium  bearing  shoot  {ad  iiaf.). 
<i.  A  single  gonidium  (still  more  highly 
magnified);  //.  the  >ame  germinaling. 


*  For  explanation  of  terms  see  "  The  Travels  and  Life-History 
Fungus,"  KsowiEDGE,  June,  1891. 


aside  and  stand  almost  at  right  angles  to  their  pedicels. 
These  prolongation  pedicels  repeat  what  has  already  been 
described,  and  so  on. 

A  warm,  humid  atmosphere  is  especially  favourable  to 
the  development  of  these  organs.  This  can  easily  be  shown 
by  transferring  a  leaf  with  a  poorly  developed  gonidiophore 
(gonidium-bearing  branch)  from  a  comparatively  dry  and 
cool  medium  to  a  bell-jar  standing  on  water  and  situated 
in  a  warm  room.  A  rich  crop  of  gonidia  is  the  result. 
These  can  live  for  three  weeks  in  an  atmosphere  not  per- 
fectly dry.  They  are  capable  of  germination  in  the  presence 
of  moisture.  In  germination  the  wall  of  the  gonidium 
ruptures,  and  the  protoplasm,  enclosed  in  a  very  dehcate 
membrane,  protrudes  as  a  small  tube,  which  evidently 
secretes  a  ferment,  for  it  can  force  its  way  through  the 
cuticle  of  the  epidermal  cells  of  the  leaf  and  thus  iind 
entrance  into  its  interior.  Once  there  it  ramifies  amongst 
the  cells,  absorbing  their  nourishment,  and  acting  in  every 
way  like  the  parent  from  which  it  arose.  If  it  be  remem- 
bered that  the  gonidia  may  be  present  in  countless  numbers, 
the  quick  spread  of  the  disease  is  easily  accounted  for. 

In  addition  to  this  method  of  increase  there  is  another 
asexual  one.  It  generally  happens  that  when  plenty  of 
moisture  is  present  the  protoplasm  of  the  gonidia  breaks  up 
into  eight  pieces,  each  of  which  becomes  more  or  less 
rounded  otf  from  its  neighbour.  The  gonidium  is  now 
equivalent  to  a  sporangium  or  spore-containing  vessel,  but 
as  its  contents  ha>e  arisen  asexually  the  term  gonidangium 
is  more  applicable.  In  germination  each  portion  of  proto- 
plasm sallies  forth  from  the  vesicle  as  an  exceedingly  minute 
body,  furnished  with  two  vibratile  processes  termed  cilia, 
which  are  merely  prolongations  of  its  substance.  Such 
bodies  are  called  zoogonidia,  on  accoimt  of  their  capability 
of  active  movement.  This  they  exhibit  only  in  water  or  a 
nutritive  tluid.  They  seem  like  animals,  as  they  move  rapidly 
about  from  place  to  place  in  the  watery  medium.  Their 
exit  from  the  gonidangium  is  prepared  for  by  the  swellmg 
of  the  gelatinous  apex  of  that  body,  and  its  almost  simul- 
taneous disappearance.  At  the  same  time  the  zoogonidia 
themselves  absorb  water,  but  their  extrusion  from  the 
vesicle  is  directly  caused  by  the  swelling  of  the  clear 
gelatinous  inner  wall  of  that  body,  and  probably  also  of 
the  clear  layer  that  surroimds  each  zoogonidium.  These 
bodies  can  live,  and  only  in  water,  a  very  short  time. 

Suppose  a  few  potato-plants  in  a  large  field  of  potatoes 
to  be  attacked  by  this  pest,  it  is  perfectly  evident  that  the 
production  of  myriad  zoogonidia  on  these  during  a  damp, 
warm  day  will  cause  the  rapid  spread  of  the  di.sease.  For 
the  smallest  particle  of  moisture  m  the  air  affords  a  sufiS- 
cient  quantity  of  water  for  these  minute  bodies  to  live  in. 
The  passage  of  a  dog  or  other  animal  through  the  field, 
and  the  visits  of  birds  and  insects,  facilitate  the  spread  of 
this  dreadful  pest. 

The  zoogonidia,  if  they  find  a  suitable  resting-place,  at 
once  germinate.  This  process,  as  a  rule,  takes  place  on 
the  surface  of  a  leaf.  The  cilia  disappear,  and  a  short 
tube  is  sent  forth.  Like  that  of  the  parent  gonidium,  it 
can  pierce  the  epidermal  cell-wall,  and  thus  enter  the  leaf- 
substance.  In  the  leaf  it  increases  in  length  and  branches 
like  the  parent  mycelium.  The  hypliie  so  formed  produce 
gonidia  and  zoogonidia  in  their  turn,  and  so  the  reproduc- 
tion of  the  fungus  may  take  place  more  than  once  in  the 
course  of  a  single  summer. 

Not  only  does  the  fungus  affect  the  leaf,  but  it  may 
enter  the  stem  and  even  penetrate  into  the  tubers.  More- 
over, in  the  young  state  the  tubers  are  subject  to  the 
invasion  of  the  gonidia  and  zoogonidia,  to  the  former 
especially  if  they  lie  exposed  on  the  surface  of  the  soil. 
The  latter,  in  certain  soils,  and  in  the  presence  of  mois- 
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ture,  easily  find  their  way  to  the  young  tubers  beneath. 
The  cuticle  of  these  is  so  delicate  that  it  affords  no  barrier 
to  the  entrance  of  the  gonidial-tube. 

According  to  De  Bary,  the  processes  described  are  the 
only  means  by  which  the  fungus  can  reproduce  itself,  and 
the  reader  will  doubtless  be  of  opinion  that  such  means  are 
ample,  A  few  years  ago,  however,  Mr.  Wortbington 
Smith  described  the  formation  of  sexual  organs,  and  his 
observations  were  corroborated  by  other  workers  in  this 
department  of  Botany.  In  leaves  of  the  potato,  towards 
the  late  autumn,  and  in  diseased  tubers,  the  products  of 
the  sexual  organs  are,  as  a  rule,  plentiful.  A  small  branch 
of  the  mycelium,  in  one  of  the  intercellular  spaces,  swells  up 
in  a  globular  fashion,  and  is  cut  off  by  a  septum  (division) 
from  the  rest  of  the  hypha,  to  which,  however,  it  is  st  11 
completely  adherent.  On  the  same,  or  on  a  neighbouring 
hypha,  a  tubular  protuberance  arises  which  applies  itself 
to  the  swelling  just  mentioned.  Its  contents  are  also 
divided  from  those  of  the  rest  of  the  hypha  by  a  mem- , 
branous  partition.  The  first  formed  body  is  called  the 
(iiiriii)iii(iii,  or  egg  producing  apparatus,  the  latter  is  the 
litilli'wiiUuiii  (oiJa,  like)  for  a  reason  presently  obvious  (see 

Fig.  in.).  Both  are 
densely  filled  with 
protoplasm.  That  of 
the  oogoninm  divides 
into  two  parts,  an 
inner  more  granular 
portion  surrounded  by 
a  clear,  delicate,  cell 
wall,  and  called  the 
ovum,  or  egg,  and  an 
outer  less  granular 
case  the  periphifim 
{tdpi,  around,  and 
irAair/xa,  a  thing 
moulded).  The  pro- 
toplasm of  the 
pollenodium  exhibits 
difl'erentiation  of  a 
like  kind,  although  not  so  markedly.  The  ovum  before 
fertilization  has  received  the  name  oosphere.  Where  the 
pollenodium  touches  the  oogonium,  a  small  tube  is  sent 
out,  which  penetrates  that  organ  and  so  reaches  the 
anxjilicic.  Then  the  central  part  of  the  polleuodium's 
protoplasm,  the  i/oikijiIhsiii  {yBwduj,  to  produce),  is  poured 
into  the  oospore,  which  is  now  called  a  fertilized  egg,  or 
tioaiiiirc.  The  connection  between  the  oogonium  and  the 
parent  mycelium  now  ceases,  and  changes  immediately 
take  place  in  the  former.  A  wall  of  cellulose  is  formed 
round  the  oospore,  the  periplasm  contracts,  and  the  wall 
of  the  oogonium  remains  as  a  covering  until  germination 
takes  place.  The  oospore  is  a  little  spore,  and  the  sac 
containing  it,  previously  the  female  reproductive  oogonium, 
is  now  a  sporangium  (Fig.  III.). 

The  spore  does  not  germinate  at  once.  Ten  months 
elapse  before  this  can  take  place.  The  product  of  germin- 
ation is  one  or  more  germ-tubes,  which  behave  exactly 
like  those  of  the  gonidia  ;  or  the  spore,  like  the  gonidium, 
breaks  up  into  a  number  of  moving  bodies,  each  furnished 
with  two  cilia,  and  so  comparable  to  the  zoogonidia. 
These  arc  called  zoospores,  because  their  parent  was  a 
spore. 

If  we  adopt  Mr.  Worthington  Smith's  view  of  the  case, 
tlie  spores  are  the  resting  stage  of  the  fungus.  It  is 
almost  impossible  in  any  case  to  imagine  that  the  mycelium 
is  perennial  in  the  tubers,  that  is,  that  it  can  live  in  these 
more  than  oiu>  year,  when  we  know  its  putrefactive  action 
on  their  cells.     Yet  it  has  been   held   by  some  that  the 


Fig.  III. — The  reproductive  organs 
of  Phijtophthora  infestans  (?).  rt'unil 
It,  (liagraiiiniatie,  e  {ad  iirtt.). 


mycelium  is  perennial.     At  present,  however,  the  matter 
may  be  considered  suh-jmlitr. 

The  oogonia  and  pollenodia  described  by  ^Ir.  Worthington 
Smith  have  been  held  to  belong  to  an  allied  fungus,  a 
species  of  pythium.  Dr.  Plowright's  remarks,  in  the 
lecture  already  referred  to,  are  interesting  in  this  con- 
nection :  "  All  of  us  who  have  studied  the  potato  disease 
have  hunted  for  these  resting  spores.  A  few  years  ago, 
Mr.  W.  G.  Smith  thought  he  had  found  them,  and  most 
of  us  thought  so  too,  but  it  was-  subsequently  shown  by 
the  late  Professor  De 
^nidio  ^_    ^  Bary,  that  spores  closely 

resembling  Smith's 
resting  spores,  very  com- 
monly occurred  in  potato 
plants  kept  in  damp 
situations,  which  be- 
longed to  a  species  of 
pythium.  Since  this  time 
we  have  been  unable  to 
meet  with  a  sexual  spore, 
which  upon  germination 
is  capable  of  giving  rise 
to  the  phytophthora,  and 
although  the  probability 
is  that  such  a  spore  does  exist,  yet  there  the  matter  rests." 
The  temperature  of  the  air  has  a  great  influence  on  the 
development  of  this  fungus.  Above  77°  F.  the  mycelium 
is  killed,  and  below  40°  F.  the  production  of  gonidia  ceases. 
About  70°  F.  may  be  reckoned  as  the  most  productive 
temperature.  In  its  native  place,  as  we  formerly  remarked, 
the  potato  was  undoubtedly  attacked  by  this  parasite, 
although  for  well-nigh  300  years  it  had  not  made  its 
appearance  in  I^urope.  It  has  been  affii-med  that  the  high 
temperature  of  the  regions  surrounding  its  native  habitat, 
localised  that  of  the  phytophthora,  and  also  that  in  passing 
through  the  torrid  zone  any  infected  tubers  were  sterilized, 
that  is,  were  completely  ridded  of  their  dread  enemy. 
Nowadays,  steamers  have  replaced  sailing  vessels,  making 
the  passage  through  the  torrid  zone  of  exceedingly  short 
duration,  so  that  the  fungus  is  not  killed  in  the  transit  of 
the  potato  from  Chili  to  Europe.  Doubtless  also,  the  same 
authority  remarks,  the  guano  trade  has  done  much  to 
further  the  spread  of  this  pest,  whose  life-history  can  be 
seen  at  a  glance  by  reference  to  Figure  IV. 


Fig.  IV. — Diagrammatic  repre- 
sentatives of  life-historv  of 
Phytophihora  infeafnuti  (tlic 
potato-disease  fungus). 


THE  FACE  OF  THE  SKY  FOR  JULY. 

By  Herbert  S.ydler,  F.E.A.S. 

THE  solar  surface  is  still  active.  Until  about  the  20th 
of  the  month  there  is  no  real  night  in  the  British 
Islands.  The  following  are  conveniently  observable 
times  of  the  minima  of  some  Algol  type  variables 
(<;/'.  "  Face  of  the  Sky  "  for  .Tune)  :  Algol. — 
.Julv  Kith,  Oh.  33m.  a.m.  ;  Julv  19th,  !)h.  22m.  p.m. 
S  Librie.— .July  4th,  lib.  8m.  i'.m^  ;  .July  11th,  lOh.  43m. 
P.M.  ;  July  18th,  lOh.  17m.  p.m.  ;  July  25th,  Oh.  51m.  p.m. 
U  Coroni¥. — Julv  2Stb,  lib.  lOm.  p.m.  U  Ophiuchi. — 
.Jidy  5th,  lib.  Om.  p.m.:  July  10th,  llh.  47m.  p.m.; 
.July  leth,  Oh.  32ui.  a.m.  :  July  2(Uh,  lOh.  12m.  p.m.  ; 
July  31st,  lOh.  57m.  p.m.  Y  Cygni,  July  2nd,  Oh.  12m. 
P.M. ;  July  5th,  Oh.  7m.  p.m.  ;  July  8th,  Oh.  2m.  p..m.  ; 
July  11th,  8li.  57m.  p.m.;  July  14th,  8h.  51m.  p.m. 
Variable  of  short  period,  not  of  Algol  type,  -q  AquUw. — 
July  5th,  111.  .\.M.  Maximum  of  S  Ursie  Majorii  (<;/'. 
Mr.  Peek's  paper  in  Knowled(;e  for  March,  1890)  on 
July  24th. 

^lercury  is  not  favourably  situated  for  observation  in 
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July,  being  in  superior  conjunction  with  the  Sun  on  the  7th. 
During  the  latter  jsart  of  the  month  he  is  an  evening  star, 
petting  on  the  Hist  at  8h.  41m.  p.m.,  or  54m.  after  the  Sun, 
with  an  apparent  diameter  of  5|"  and  a  northern  declination 
of  I'l  ,  about  I  of  the  disc  being  illuminated.  Venus  is  a 
morning  star,  but  is  not  a  particularly  attractive  object  in 
the  telescope  during  the  month.  On  the  1st  she  rises  at 
2h.  24m.  A.M.,  or  Ih.  24m.  before  the  Sun,  with  an  apparent 
diameter  of  10|"  and  a  northern  declination  of  22°  18',  about 
/yf(j  of  the  disc  being  then  illuminated.  On  the  .31st  she 
rises  at  3h.  7m.  a.m.,  or  Ih.  17m.  before  the  Sun,  with  an 
apparent  diameter  of  10"  and  a  northern  declination  of 
21°  32',  -^^  of  the  disc  being  then  illuminated.  During 
the  month  she  passes  through  part  of  Taurus  and  nearly 
the  whole  of  Gemini.  Mars  is  in\-isible.  But  for  her  great 
southern  declination,  Vesta  would  still  be  excellently  placed 
for  observation,  southing  on  the  5th  at  lib.  l|m.  p.m.,  with 
a  southern  declination  of  21°  38',  and  on  the  29th  at 
9h.  13m.  P.M.,  with  a  southern  declination  of  23°  20'.  She 
continues  to  be  visible  to  the  naked  eye  throughout  the 
whole  of  July. 

Jupiter  is  an  evejiing  star,  rising  on  the  1st  at  llh.  5m. 
P.M.,  with  a  southern  declination  of  5"^  53'  and  an  apparent 
equatorial  diameter  of  43i".  On  the  31st  he  rises  at 
9h.  6m.  P.M.,  with  a  southern  declination  of  6°  22'  and  an 
apparent  equatorial  diameter  of  47".  He  describes  a  very 
short  retrograde  path  in  Aquarius  during  the  month,  and 
on  the  night  of  the  28th  is  about  14'  north  of  the  6i  mag. 
star  B.A.C.  8129.  The  following  phenomena  of  the 
satellites  occur  before  midnight,  while  Jupiter  is  more  than 
8°  above  and  the  Sun  8°  below  the  horizon  : — On  the  15th, 
a  transit  egress  of  the  shadow  of  the  first  satellite  at 
llh.  14m.  On  the  22nd,  a  transit  ingress  of  the  shadow 
of  the  first  satellite  at  lOh.  49m. ;  a  transit  egress  of  the 
third  satellite  at  llh.  25m.  ;  a  transit  ingress  of  the  first 
satellite  at  llh.  51m.  An  eclipse  reappearance  of  the  fourth 
satellite  on  the  23rd  at  llh.  11m.  38s. ;  an  occultation  re- 
appearance of  the  first  satelUte  at  llh.  20m.  On  the 
29th,  an  eclipse  disappearance  of  the  second  satellite  at 
llh.  5m.  23s. ;  a  transit  egress  of  the  shadow  of  the  third 
satellite  at  llh.  24m.,  and  a  transit  ingress  of  the  satellite 
itself  14m.  later.  On  the  31st,  a  transit  egress  of  the 
second  satellite  at  lOh.  10m.  ;  and  a  transit  egress  of  the 
first  satellite  at  lOh.  21m. 

Saturn  is  so  rapidly  nearing  the  west  that  we  only  give 
an  ephemeris  for  the  first  half  of  July.  Saturn  sets  on  the 
1st  at  llh.  9m.  p.m.,  with  a  northern  declination  of  8°  44' 
and  an  apparent  equatorial  diameter  of  16-6"  (the  major 
axis  of  the  rmg-system  being  38^"  in  diameter,  and  the 
minor  axis  3").  On  the  IGth  he  sets  at  lOh.  11m.  p.m., 
with  a  northern  declination  of  8°  13'  and  an  apparent 
equatorial  diameter  of  IGf  (the  major  axis  of  the  ring- 
system  being  37*"  in  diameter  and  the  minor  2i").  During 
tins  time  he  describes  a  short  direct  path  in  Leo.  lapetus 
is  at  his  greatest  western  elongation,  when  he  is  brightest, 
on  the  18th.  Uranus  is  an  evening  star,  rising  on  the  1st 
at  lb.  51m.  p.m.,  with  a  southern  declination  of  10°  1'  and 
an  apparent  diameter  of  3-6".  On  the  31st  he  sets  at 
lOh.  19m.  P.M.,  with  a  southern  declination  of  10°  8'.  He 
is  in  quadrature  with  the  Sim  on  the  20th,  and  is  almost 
stationary  to  the  N.N.E.  of  86  Virginis  during  July. 
Neptune  is  invisible. 

Shooting  stars  are  fairly  numerous  in  July,  though  the 
twilight  interferes  with  observation.  A  well-marked  shower 
radiates  fi-om  near  S  Aquarii,  the  maximum  being  on  the 
28th.     The  radiant  point  is  in  22h.  40m. — 13°. 

The  Moon  is  new  at  3h.  59m.  a.m.  on  the  6th ;  enters 
her  first  quarter  at  5h.  29m.  a.m.  on  the  14th  ;  is  full 
at    Ih.    54m.    p.m.    on    the    21st ;    and    enters    her   last 


quarter  at  4h.  33m.  a.m.  on  the  28th.  She  is  in  apogee 
at  6h.  P.M.  on  the  11th  (distance  from  the  earth,  251,610 
miles)  ;  and  in  jierigee  at  5h.  p.m.  on  the  23rd  (distance 
from  the  earth,  224,325  miles).  The  greatest  western 
librations  take  place  at  5h.  44m.  a.m.  on  the  4th,  and  at 
5h.  24m.  P.M.  on  the  30th  ;  and  the  greatest  eastern  at 
9h.  16m.  P.M.  on  the  17th. 


WtWt  Column. 

By  W.  Montagu  Gattie,  B.A.Oxon. 


T 


IIE  following  is  an  elementary  explanation  of  the 
play  of  the  hand  published  last  month.  For  con- 
venience of  reference,  the  distribution  of  the  cards 
is  here  repeated  : — 


H.— 9,  8,  7. 

S.~8,  7,  4. 
D.— 8,  6,  2. 
C— 10,  7,  5 


H.— Kg,  Kn,  6,  8. 
S. — Ace,  Kn,  2. 
D.-^Kg,  9. 
C— Qn,  9,  6,  2. 


Z 

B 

Z  turns  up 

the  seven  of 

He;u-ts. 

Y 

A 

H.— Qn,  4. 
8.— Qn,  3. 
D.  —  Ace,  Qn,  Kn, 

5.  4,  3. 
C— Kn,  8,  3. 


n.—Acc,  10,  .5,  2. 
S.— Kg,  10,  9,  6,  o. 
D.— 10,  7. 
C. — Ace,  Kg. 

Score  —  Love  all. 

Tn'rks  1  (ind  2. — Holding  more  than  four  diamonds,  A 
rightly  follows  the  ace  with  the  Itnave ;  with  four  only,  he 
would  lead  the  ace  and  then  the  queen.  Y  can  place  the 
queen  in  A's  hand  ;  and  the  cards  played  by  B  and  Z 
show  that  A  also  has  the  five,  four,  and  three  of  diamonds, 
unless  B  is  calling  for  trumps,  in  which  case  he  may  have 
one  small  diamond.  The  only  diamond  Z  can  have  left 
is  clearly  the  eight. 

'J'rirk  8. — B  holds  four  trumps  to  two  honours,  and  his 
partner's  diamonds  are  established.  Under  these  cir- 
cumstances he  does  right  in  opening  trumps. 

Trill;  4. — Y,  of  course,  opens  his  long  suit  of  spades. 
He  infers  from  the  fall  of  the  cards  that  B  has  the  knave, 
for,  if  either  Z  or  A  had  had  it,  he  would  have  played  it. 

Trick  5. — A  returns  his  partner's  trump  lead.  It  is 
worth  noticing  (although  the  inference  is  not  of  service  in 
this  particular  hand)  that  Y  can  now  place  the  remaining 
trumps.  This  will  readily  be  perceived  if  it  be  remem- 
bered that  A  would  return  the  higher  of  two  remaining 
cards,  and  that  B's  lead  and  subsequent  play  show  four 
trumps  to  the  king. 

Trick  6. — B  cannot  yet  tell  whether  his  partner  is  void 
of  trumps  or  has  two  more  ;  but  in  either  case  he  plays 
correctly  in  continuing  them.  A,  having  to  discard,  dis- 
poses of  his  worthless  spade. 

Trick  7. — It  will  be  seen  that  A  B  have  now  shown 
"  two  by  honours,"  and  have  already  secured  five  tricks ; 
therefore  they  require  four  more  tricks  to  make  the  game. 
B  is  protected  in  clubs,  and  has  command  of  the  adverse 
spades,  and,  if  he  had  another  diamond,  he  could  not  do 
better  than  to  lead  his  losing  trump  ;  for,  on  recovering 
the  lead,  he  would  play  the  diamond,  and,  trumps  being 
out,  A  would  make  all  the  remaining  diamonds.  B,  how- 
ever, has  not  a  diamond,  and  therefore  A's  winning  cards  in 
that  suit  will  be  of  no  use  unless  he  has  a  card  of  re-entry. 
The  king  of  spades  is,  in  all  likelihood,  with  Y,  so  that  the 
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best  chance  is  that  A  may  be  able  to  take  a  trick  in  chibs. 
Suppose,  now,  that  A  holds  the  king  of  clubs,  and  that  Y 
has  the  ace.  If  B  follows  the  rule  and  leads  a  small  club 
from  his  four  cards  in  that  suit,  the  king  will  fall  to  the 
adverse  ace,  and  A's  prospect  of  bringing  in  his  diamonds 
will  be  at  au  end.  But,  if  I>  leads  his  queen  of  clubs,  as 
though  he  had  only  three  of  the  suit,  the  queen  will  draw 
the  ace,  and  A's  king  will  enable  him  to  win  the  game. 
Of  course  A  may  not  have  any  strong  club,  but  in  that 
event  B  cannot  expect  to  make  four  more  tricks,  and  he  is, 
at  the  most,  sacrificing  one  trick  in  making  a  bid  for  the 
game. 

Trick  8. — Y  has  the  winning  trump  ;  but  he  could  not 
tell  from  trick  4  whether  B  or  A  had  the  ace  of  spades. 
He  therefore  reserves  his  trump  to  ruff  A's  diamonds,  in 
case  the  ace  of  spades  should  be  with  A.  B  finesses  the 
knave  of  spades  as  a  matter  of  course  (see  trick  4),  and  A, 
equally  of  course,  discards  a  diamond,  so  as  to  keep  his 
knave  of  clubs  guarded. 

TrU-k  9. — B  pursues  the  same  tactics  as  at  trick  7,  and 
it  will  be  observed  that  he  has  now  so  far  succeeded  in  his 
object  that  A's  luiave  of  clubs  is  cleared. 

Triik  10. — Y  sums  up  the  situation  as  follows  : — Of  five 
spades  unplayed,  he  himself  holds  three  ;  and,  as  B  must 
have  the  ace,  Z  can  only  have  one  (the  eight).  If  B  has 
both  ace  and  eight  (which  in  strictness  should  not  be,  for 
in  that  case  he  ought  to  have  finessed  the  eight  at  trick  8, 
seeing  that  Z  could  play  nothing  better  than  the  seven  at 
trick  4),  Y  can  be  sure  of  saving  the  game  by  making  a 
spade.  But,  supposing  that  Z  has  the  eight  of  spades  and 
also  the  eight  of  diamonds  (see  note  to  tricks  1  and  2),  he 
cannot  have  any  more  of  either  suit,  so  that  he  must  have 
at  least  two  clubs.  B,  having  followed  the  queen  of  clubs 
with  the  nine,  is  not  to  be  credited  with  either  knave  or 
ten  ;  and,  as  A  must  have  at  least  three  diamonds,  he  can 
only  have  one  club,  so  that  one  of  Z's  clubs  must  be  either 
knave  or  ten.  He  should  not  hold  both  knave  and  ten,  as, 
in  such  case,  he  ought  to  have  covered  B's  nine  ;  therefore 
either  knave  or  ten  may  be  placed  in  A's  hand.  In  the 
former  case  it  will  be  fatal  for  Y  to  draw  the  losing  trump 
from  B,  for  A  will  win  all  the  remaining  tricks  ;  but,  if  Y 
retains  his  trump  to  ruff  the  knave,  B,  after  winning  trick 
12  with  the  smaller  trump,  will  have  to  lead  a  club,  and 
the  last  trick  will  fall  to  Z.  If  the  Icnave  of  clubs  should 
turn  out  to  be  with  Z,  Y  Z  would  perhaps  make  another 
trick  by  Y's  drawing  the  trump,  but  this  possibility  is 
not  worth  consideration  against  the  certainty  tliat,  in 
the  other  event,  the  game  would  be  lost. 


d^css  (iEoItttttn. 

By  C.  D.  LococK,  B.A.Oxon. 


To  CJoRKESPONDENTs.  — All  Communications  for  this 
column  should  be  addressed  "  Cintra,  JlmrkJiurst,"  and 
posted  lii't'oiv  the  10th  of  each  month.  For  the  words 
"  Chess  Problem  Tournament"  in  our  last  issue,  "Problem 
Sdhtlidii  Tournament,"  should  be  read.  It  is  not  iicirsstir;/, 
therefore,  for  competitors  to  compose  or  send  problems. 
They  arc  merely  invited  to  send  original  problems  (not 
more  than  one  by  each  competitor  can  be  inserted). 

TJir  Sdliitidu  Toiiriic!/  begins  with  the  problem  below. 
The  conditions  of  the  competition  were  fully  set  forth  in 
the  .Tunc  number. 

Solution  of  Problem  in  Juno  number  :  1.  K.  to  lU,  and 
mates  next  move.     Correct  solution  from  C.  T.  Blanshard. 


PROBLEM. 

By  W.   E.  BOLLAND. 
Black. 


^M 


'■■'Mm. 


m W^W^' .^ 


^••^•2"p 


r^m^ 


White. 
■White  to  play,  and  mate  in  two  moves. 

The  Championship  Tournament  of  the  City  of  London 
Chess  Club  has  again  been  won  by  Mr.  Pi.  Loman,  the 
well-known  musician,  who  defeated  Mr.  Jloriau  in  the 
final  tie,  after  a  close  contest. 

The  following  game  was  played  on  May  13th,  in  the 
match  between   the  British  and   City  of   London  Chess 

.  King's  Gambit  Declined. 

White.  Black. 

G-.  T.  Heppell  (City).  H.  W.  Trenchard  (B.C.C.). 

1.  P  to  K4  1.  P  to  K4 

2.  P  to  KB4  2.  P  to  Q4 

3.  KttoKBS  {,1)  ■         3.  PxKP 

4.  KtxP  4.  Ktto  QB3  {h) 

5.  B  to  Kt.5  5.  B  to  Q2 

6.  Q  to  Ro  (<)  G.  P  to  KKt8 

7.  KtxKt  7.  PxQ(«/) 

8.  Kt  X  Q  8.  R  X  Kt  {e) 

9.  Kt  to  B3  9.  Kt  to  B3 

10.  P  to  QKt3  10.  B  to  QKto  (/) 

11.  BxBch  (-/)  11.  RxB 

12.  B  to  Kt2  12.  Castles  (/<) 

13.  Castles  (Q  side)  (/)  13.  KR  to  Qsq  (,/) 

14.  P  to  KRH  (A)  14.  B  x  Kt 

15.  BxB  1.5.  Kt  toQ4 

16.  KR  to  Ksq  (/)  16.  KtxB 

17.  PxKt  17.  RxReh 

18.  RxR  18.  RxRch 

19.  K  x  R  (see  Diagram)  19.  P  to  R5  (»/) 

20.  K  to  K2  20.  P  to  KIM 

21.  P  to  Bl  (h)  21.  K  to  B2 

22.  P  to  R3  (?)  22.  K  to  K8 

23.  K  to  K3  23.  K  to  Q3 

24.  K  to  Q4  24.  K  to  B3 

25.  P  to  B3  25.  K  to  Kt3  (o) 

26.  K  to  K3  ?  (y.)  2G.  K  to  B4 

27.  K  to  K2  27.  P  to  QR4 

28.  P  to  R4  28.  P  to  B3 

29.  K  to  K3  29.  P  to  Kt3 

30.  K  to  K2  30.  P  to  Kt4 

31.  RPxP  31.  PxP 
82.  PxP  32.  KxP 

33.  K  to  K3  83.  P  to  R5 

34.  PxP  ch  34.  KxP 

35.  K  to  Q4  85.  K  to  Kt4 
8C.  K  to  K3  36.  K  to  B5 

37.  K  to  Q2  37.  K  to  KtG 

38.  Resigns  (y) 
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Notes. 

(«)  .\t  least  as  good  as  the  usual  P  x  P. 

{/))  Not  so  good  as  B  to  K3,  preventing  B  to  B4,  for 
White  can  now  get  a  slight  advantage  by  Kt  x  Kt. 

((■)  The  combination  is  not  quite  sound.  Kt  x  B  is 
probably  better. 

((/)  PxKt  might  lead  to  the  following  continuation: 
S.  g  to  K.3  ch,  Q  to  K2;  9.  QxE,  Kt  to  B.3  :  10. 
B  to  E6  !  .  B  to  Bsq !  ;  11.  B  x  B  or  B  to  K2,  followed  by 
P  to  KKtl  sanng  the  Queen. 

{e)  Overlooking  the  winning  ad\antage  to  be  obtained 
by  8.  .  .  .  BxB;  0.  KtxKtP  (the  Bishop  if  attacked 
retires  to  QR3)  9.  .  .  P  to  QE4  1 ;  20.  P  to  Q4  (he  must 
make  a  square  for  the  Kt)  ;  10.  .  .  .  PxP  «n  passayit ; 
11.  B  to  Q2,  PxP:  12.  Kt  to  R8,  BxKt,  followed  by 
B  to  B3,  B  X  P  and  B  to  K5.  Or  if  White  play  instead  11. 
B  to  K3,  there  follows  equally  11.  .  .  .  PxP;  12. 
Kt  to  B3,  B  to  B3,  and  13.  B  x"P,  with  two  Pawns  ahead 
at  least  for  the  time. 

(/)  The  Bishop  is  best  where  he  is  for  the  present. 
He  should  play  E  to  KKtsq  ;  and  if  then  11.  P  to  KtS, 
P  to  E.3,  quickly  breaking  up  White's  position  on  the 
King's  side. 

{fl)  Of  course  he  dare  not  play  B  to  Kt2  at  once,  on 
account  of  the  reply  BxB,  winning  a  Pawn. 

(h)  Again  R  to  Ktsq  is  much  better  {n'di'  note  /' ).  The 
King  is  best  in  the  centre  of  the  board. 

(i)  It  is  necessary  to  defend  the  KBP. 

( /■)  For  now  Black  could  at  once  obtain  a  passed  Pawn 
by  BxKt,  14.  BxB,  Kt  to  Q4,  itc. 

(A-)  Very  weak.     KB  to  KBsq  was  essential. 

(/)  The  other  Eook  should  be  played  to  this  square,  in 
order  to  avoid  the  exchanges.  Obviously  Black  dare  not 
play  to  win  a  Pawn. 

(m)  A  fine  move,  blocking  the  Pawn  position,  and  leaving 
two  moves  for  his  other  KRP  to  gain  time  with  if  necessary. 

(«)  This  and  his  next  move  are  grave  errors.  The 
Pawns  should  not  be  moved  till  necessary  ;  and  especially 
the  EP,  which  has  the  option  of  moving  one  or  two 
squares  later  on,  according  to  need.  He  should  simply 
come  out  with  the  King. 

(o)  Black  wisely  refi'ains  from  moving  any  of  his  Pawns 
till,  by  doing  so,  he  can  force  the  position. 

( /*)  Unaccountable.  P  to  B.j  ch  (if  not  any  other  move) 
would  almost  certainly  draw.  The  rest  now  is  easy  for 
Black. 

((/)  For  Black  can  gain  the  opposition  by  moving  the 
RP  :  lidr  note  (//')•  The  ending  is  very  well  played  by 
Mr.  Trenchard. 


I'ositioyi   nftrr    Il'/i/fc'.s   19//(   iiiur 
Black. 


KNIGHTS   .\ND  BISHOPS. 

It  is  generally  admitted  that  these  pieces  are  of  about 
the  same  value,  but  it  may  not  strike  everyone  on  what 
grounds  this  conclusion  is  based.  The  two  pieces  have 
absolutely  nothing  in  common,  so  that  mathematical 
accuracy  of  valuation  is  out  of  the  question.  A  Bishop's 
action  is  like  that  of  a  ritle-buUet  at  long  range,  direct  and 
swift :  a  Knight's  more  like  a  bomb-shell,  explosive  in  all 
directions.  Most  players  have  a  preference  for  one  piece 
or  the  other:  "  Winawer's  Knights"  are  almost  as 
proverbial  as  "  Paulsen's  Bishops  "  ;  the  move,  BxKt.  (if 
possible,  doubling  a  Pawn)  being  known  to  the  profession 
as  "  Winawer's  Trade  Mark."  Mr.  Steinitz  prefers  the 
Bishop,  holding  with  the  ancient  dictum  that  six  Bishops 
are  worth  seven  Knights.  Most  amateurs,  we  fancy,  have 
a  lurking  partiality  for  the  Knight.     There  is  a  certain 

I  fascination  in  calculating  how  many  moves  it  will  take 
a  Knight  to  reach  a  particular  square  :  the  calculation 
has  the  merit  of  combining  depth  with  easiness.  The 
Bishop  is  in  reality  a  more  difficult  piece  to  manoeuvre 

I  well. 

But  how  are  their  values  to  be  compared  "?  Take  first 
a  simpler  case,  that  of  Eook  and  Bishop.     The  Eook  has 

j  obviously  five  distinct  advantages.     (1)  On  a  clear  board 

I  it  commands  14  squares  from  any  position  ;  whereas,  the 
Bishop  commands  its  maximum  of  18  squares,  only  if 
placed  on  one  of  the  four  centre  squares.  (2)  .\  Eook  can, 
if  necessary,  command  any  square  on  the  board  ;  a  Bishop 

I  is,  of  course,  limited  to  the  squares  of  one  colom-.  (3)  A 
Eook  can  confine  a  King,  a  Bishop  cannot.  (4)  Eook  and 
King  can  mate,  Bishop  and  King  cannot.  (5)  Eook  assists 
Kmg  to  castle.  Against  all  this  is  to  be  set  the  Bishop's 
one  advantage,  the  power  of  being  brought  earlier  into 
play.  A  Eook,  therefore,  is  evidently  far  stronger  than  a 
Bishop.  Going  back,  now,  to  the  case  of  Knight  and 
Bishop,  we  find  that  points  (3).  (4)  and  (5)  are  not  avail- 
able for  comparison.  Points  (1)  and  (2)  may  be  discussed 
first,  and  then  the  other  respective  advantages  of  the  two 
pieces  must  be  simply  counted  up,  and,  when  possible, 
balanced  one  against  the  other. 

(7'()  be  colltiiuti'il.) 
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GNATS,  MIDGES  AND  MOSQUITOS.-II. 

]>V   \i.   A.   RuTI.EIt. 

As  already  intimated,  Gnats  and  Moscjuitos  are  amon!,'st 
that  section  of  the  "  throad-hornod  "  flies  whose 
early  life  is  aquatic,  and  a  truly  remarkable  history 
is  theirs.  That  creatures  so  lV:iy;iIc  should  have 
at  any  time  any  connection  with  so  unstable  and 
treacherous  an  element  as  water  is  indeed  strange,  and  un- 
questionably large  numbers  perish  through  the  mischances 
involved  in  this  very  association  ;  nevcrtlieless,  so  groat  is 
their  ii'cuiulity  tliat  the  race  runs  no  risii  of  extermination, 
notwithstanding  the  dangers  that  beset  the  path  of  the 


individual  in  its  advance  to  maturity.  The  eggs  are  long 
oval  objects,  and  from  the  time  of  laying  they  are  entrusted 
to  the  water.  The  female,  when  about  to  lay,  rests  with 
her  first  pair  of  legs  on  some  floating  stick  or  leaf  or  other 
support,  the  second  pair  gently  touching  the  water,  while 
the  third  project  over  its  surface.  Crossing  these  like  an  X, 
she  allows  an  egg  to  pass  into  the  angle  where  they  meet ; 
this  is  soon  followed  by  another  and  another,  their  moist  and 
glutinous  surfaces  causing  them  to  adhere  to  one  another 
with  the  long  axis  nearly  perpendicular.  In  this  way  a 
collection  of  some  200  or  300  is  built  up  into  the  form  of  a 
tiny  raft,  concave  above — a  sort  of  miniature  life-boat,  so 
constructed  that  no  capsizing  can  take  place.  The  egg-raft 
once  made,  the  maternal  duties  are  over,  and  the  little  craft 
drifts  rudderless  away,  exposed  to  sim  and  storm.  This 
venturesome  voyage,  however,  lasts  but  a  few  days,  and 
then,  the  eggs  having  been  from  the  first  placed  upside  down 
in  the  water,  the  lower  end  of  the  shell  is  forced  off,  and  the 
newly-hatched  grub  finds  itself  at  once  in  position  to  take  a 
header  into  the  watery  world  in  which  it  has  to  pick  up  its 
living. 

These  larv®  are  odd-looking  objects,  foreshadowing  the 
form  of  the  adult  to  a  somewhat  greater  extent  than  is 
usually  the  case  with  those  insects  which  pass  through  a 
complete  metamorphosis.  The  three  regions  of  the  body 
are  distinctly  marked  out,  quite  the  reverse  of  what  obtains 
amongst  the  "  short-horned  "  flies,  whose  shapeless 
"maggots"  we  described  in  a  former  number.  If  we 
imagine  the  full-grown  Gnat's  body  to  be  bereft  of  aU  its 
long  appendages — wings,  legs,  antermse,  and  beak — and  to 
be  provided  at  intervals  with  tufts  of  hair  instead,  we  get 
some  idea  of  the  outline  of  the  larva.  They  move  by  a  series 
of  jerks,  accomplished  by  swaying  the  body  from  side  to  side, 
and  the  natural  position  is  head  downwards.  Though  living 
in  the  water  they  inhale  air,  and  hence  come  to  the  surface 
occasionally  to  breathe.  The  entrance  to  the  breathing 
tubes  is  at  the  end  of  a  sort  of  arm  or  branch  jutting  out 
fr'om  the  hinder — i.e.,  the  upper — end  of  the  body,  and  aU 
that  is  necessary  for  taking  in  a  fresh  breath  is  to  expose 
this  little  orifice  just  above  the  svu-face  of  the  water.  The 
larva  is  furnished  with  biting  jaws,  and  spends  a  good  deal 
of  its  time  in  devouring  all  sorts  of  rubbish  and  decaying 
matters,  such  as  may  be  found  in  abundance  in  the  pond  it 
inhabits.  Thus  it  swims  about  with  tail  most  appropriately 
pointed  to  the  sky,  and  head  to  the  muddy  bottom,  where 
he  its  chief  stores  of  food. 

It  is  easy  to  understand  that  thousands  of  these  larvfB, 
working  away  in  a  pond  on  the  decaying  organic  matter 
there,  will  do  a  good  deal  towards  arresting  the  pollution 
of  its  waters,  and  Gnats,  therefore,  in  this  stage  of  their  life 
may  be  regarded  as  sanitary  agents,  of  more  or  less  use  to 
society  at  large.  It  follows,  then,  that  their  extermination 
from  any  district  might  not  be  altogether  an  advantage, 
unless  accompanied  by  other  changes,  such  as  drainage, 
&c. ;  and  in  estimating  the  influence  of  Mosquitos,  for 
example,  in  the  economy  of  Natm-e,  one  has  to  set 
their  services  as  scavengers  over  against  the  annoy- 
ance thoy  cause  by  sucking  blood.  It  might  be  a 
philosophical,  if  not  very  comforting,  reflection  for  anyone 
suffering  from  the  persecutions  of  these  pests,  that  the 
more  Mosquitos  there  are,  the  more  scavenging  work  must 
have  been  done  in  bringing  them  to  maturity,  and  the 
more  must  the  sanitary  condition  of  the  country  round 
have  been  thereby  improved  !  There  is  another  curious 
fact  connected  with  this  stage  in  the  life-history  of  these 
insects ;  when  fully  grown,  as  we  have  already  seen,  they 
subsist  only  on  liquid  food,  their  mouth  organs  being 
excellently  fitted  for  taking  in  liquids  while  they  would  find 
it  absolutely  impossible  to  make  any  use  of  solid  food.  But 
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in  this  earlier  stage,  the  conditions  are  reversed  ;  solid  food 
is  the  order  of  the  day  (though  plentifully  steeped  in  water, 
it  is  true),  and  no  sucking  apparatus  exists,  the  mouth 
being  armed  with  biting  jaws  instead. 

The  change,  however,  is  not  suddenly  made  from  the 
one  style  to  the  other.  There  intervenes  a  condition  in 
which  the  insect  takes  no  food  at  all,  either  solid  or  liquid, 
having  no  available  mouth  ;  for,  when  several  moultings 
of  the  jerky  larva  have  taken  place,  it  makes  another 
change  of  skin  which  results  in  an  entire  upsetting  of  aU 
its  arrangements.     After  this  moult  it  appears  as  a  kind  of 

animated  "  comma," 
with  a  big  head  and 
a  curved  tail.  The 
apparent  head  is  really 
head,  thorax,  beak, 
antennse,  limbs  and 
wings  of  the  perfect 
insect,  all  bound  to- 
gether imder  a  thin 
skin, sufficiently  trans- 
parent for  the  indivi- 
dual parts  to  be  traced 
Fig.  2.--Tenimial  paddle  or  leaflet  of  fl-omwithout,asshown 
pupa    of   a    species  of    &nat    {Corethra      in     the      photographs 

phimicornis).  last  month ;  the  "tail " 

is,  of  course,  the  abdomen,  and  it  is  terminated  by  a  couple 
of  broad  leaf-like  paddles  (Fig.  2)  of  exquisite  structure, 
which  form  a  sort  of  sculUng 
apparatus.  It  no  longer  jerks 
about  head  downwards,  but, 
turning  a  somersault,  passes  the 
next  stage  of  its  life  right  way 
up,  notwithstanding  its  appar- 
ently top-heavy  shape.  Con- 
formably with  the  altered  posi- 
tion, though  whether  as  cause 
or  consequence  it  is  not  easy 
to  say,  the  opening  to  the 
breathing  organs  is  now  on  the 
thorax.  Two  horn-like  pro- 
jections (Fig.  3)  are  here  seen, 
which  are  the  prolonged  lips 
of  the  spiracles.  Into  these  is 
taken,  by  periodical  visits  to  the 
surface,  whatever  air  may  be 
necessary  for  breathing  pur- 
poses ;  such  visits  are,  however, 
by  no  means  frequent,  the  insect 
being  capable  of  enduring  pro- 
longed submergence  witbout 
inconvenience.  The  pupa  is  as  capable  of  active  exertions  as 
was  the  larva,  and  in  fact  is  fi-eely  locomotive,  though  it  takes 
no  food.  This  is  a  most  exceptional  circimastance  amongst 
insects  with  a  complete  metamorphosis.  Nothing,  moreover, 
could  be  in  stronger  contrast  to  the  style  of  hfe  of  the 
"  short-horned  "  flies  than  that  of  this  ro\dng  Gnat  pupa. 
It  will  be  remembered  that  the  blow-fly,  which  may  be 
taken  as  a  type  of  the  "  short -horns,"  when  about  to 
become  a  pupa,  does  not  cast  its  skin,  but  becomes  a 
barrel-shaped,  absolutely  motionless  body,  by  the  hardening 
of  the  last  larval  coat,  whereas  the  Gnat  or  Mosquito  doe)i 
cast  its  skin  to  become  a  pupa,  and  that  pupa  is  a  hvely, 
wriggUng  creature,  free  to  wander  whither  it  chooses,  though 
no  more  capable  of  feethng  itself  than  the  aforesaid  barrel. 
Whep  the  time  for  the  emergence  of  the  perfect  insect 
arrives,  which  will  be  about  a  month  after  the  hatching  of 
the  eggs,  the  pupa  ascends  to  the  surface,  and,  tipping  up 
its  tail,  lies  in  a  nearly  horizontal  position  with  the  back  of 


Fio.  3. — Spiraeular  horn  of 
same  G-nat. — a.  Outline  of 
thorax. 


the  thorax  just  above  the  water.  The  skin  now  spUts.and 
the  fly  gradually  extricates  itseH,  of  com-se  in  a  limp  con- 
dition and  incapable  of  flight  till  its  wings  are  dried  and 
stiffened.  The  empty  shell  of  the  pupa  gives  it  foothold 
till  it  is  strong  enough  to  spread  its  wings  and  mount  into 
the  air  for  the  first  time  in  its  life.  The  occasion  of  the 
transformation  from  pupa  to  fly  is  evidently  the  supreme 
moment  in  the  Gnat's  career,  and  the  risks  involved  are 
considerable.  Not  merely  is  it  still  exposed,  as  it  has  been 
hitherto,  to  the  jaws  of  himgry  fish  or  predaceous  water 
insects,  but  there  are  also  chances  of  wind  and  weather 
that  may  prove  fatal.  However,  vast  swarms  escape  these 
perils  and  rise  into  the  air,  where  new  dangers  await  them 
in  the  form  of  cobwebs  and  insectivorous  birds,  not  to  say 
human  beings  as  well. 

We  have  now  followed  our  Gnat  or  Mosquito  through  a 
complete  cycle  of  changes,  and  have  thus  seen  that  it  is 
essentially  an  insect  not  of  the  house  but  of  the  pond,  the 
marsh,  and  the  swamp,  whence  it  follows  that  blood- 
sucking is  a  practice  that  can  but  occasionally  be  indulged 
in,  and  it  seems  probable  that  great  numbers  of  Gnats 
perish  without  ever  tasting  such  food  at  all,  and  that  in 
fact  the  habit  is  an  acquired  one  and  not  really  essential 
to  their  existence.  If  this  be  so,  it  is  all  the  more  remark- 
able when  taken  in  conjunction  with  the  extraordinary 
perfection  of  the  blood-sucking  apparatus,  and  the  problem 
of  their  economy  is  as  difficult  to  solve  as  that  of  the  fleas 
on  the  sea-shore  far  from  human  habitations,  to  which  we 
referred  some  time  ago.  Gnats,  however,  seem  to  be  quite 
ready  to  drink  the  juices  of  flowers  if  they  cannot  get  blood, 
and  several  observers  have  chronicled  their  fondness  for 
honey.  But  still  this  will  scarcely  explain  the  presence  of 
needle-like  piercers  amongst  the  mouth  organs,  since  such 
instruments  would  not  be  necessary  to  get  at  the  nectar  of 
flowers. 

In  the  days  when  every  house  had  its  water-butt,  and 
when  stagnant  ponds  abounded  on  every  side,  often  in  close 
proximity  to  human  dwellings,  the  conditions  were  so  much 
the  more  favourable  for  the  multiplication  of  Gnats,  and 
wherever  such  conditions  now  obtain,  the  insects  are  stiU 
likely  to  be  both  numerous  and  troublesome.  But  the 
extensive  abolition  of  the  water-butt,  the  introduction  of 
closed  and  indoor  cisterns,  and  the  better  drainage  of  the 
land,  have  all  tended  to  throw  hindrances  in  the  way  of  the 
CuUriclic,  and  have  helped  to  reduce  their  numbers  in  our 
own  coxmtry,  whatever  may  be  the  case  elsewhere.  There 
is  evidence  enough  of  this  in  literature.  Enormous  swarms 
of  Gnats,  of  one  kind  or  another,  seem  formerly  to  have 
been  a  not  unusual  experience,  though  such  a  thing  now 
scarcely  ever  occurs  here.  The  poet  Spenser,  for  example, 
mentions  as  a  familiar  sight  "  a  swarme  of  Gnats  at  even- 
tide "  that  "  out  of  the  fennes  of  Allan  doe  arise," 

"  Whiles  in  the  air  theii-  clust'i'ing  army  flies. 
That  as  a  cloud  doth  seem  to  dim  the  skies  "  : 

and  that  Culices  are  intended  seems  certain,  since  they 
persecute  man  and  beast 

"  Till  the  fierce  northern  ivind  flith  blust'ring  blast 
Doth  blow  them  quite  away,  and  in  the  ocean  east." 

There  are  several  records  of  swarms  that  have  looked  in 
the  distance  hke  clouds  of  smoke,  and  have  consequently 
given  rise  to  an  alarm  of  fire,  as  was  the  case  at  Salisbury 
Cathedral  in  1736.  According  to  Prof.  KUey,  the  northern 
Mosquitos  of  America  pass  the  winter  in  the  perfect  state, 
hybernating  in  a  semi-torpid  condition,  and  a  writer  in  hisect 
Life  describes  an  enormous  congregation  of  them  as  having 
been  found  hybernating  in  the  corner  of  a  cellar.  This 
habit  does  not  appear  to  hold  good  in  all  parts  of  the  world. 
A  very  peculiar  connection  between  human  beings  and 
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Mosquitos  has  been  made  out  in  recent  years.  It  is  well 
known  that  there  is  a  class  of  worm-like  creatures,  differing 
from  the  earthworm  and  other  similar  animals  in  not 
having  the  body  divided  into  a  series  of  rings,  that  inhabit 
various  parts  of  the  bodies  of  vertebrate  and  other  animals. 
Man  is  subject  to  the  attacks  of  several  parasites  of  this 
sort,  and  shares  them  with  other  animals — i.e.,  the  para- 
sites pass  through  their  early  life  in  the  body  of  one  host, 
and  their  later  life  in  that  of  another.  Numerous  experi- 
ments and  investigations,  by  Dr.  Manson  and  others, 
seem  to  have  proved  that  such  a  connection  exists  between 
man  and  a  particular  kind,  or  some  few  kinds,  of  Mosquito. 
The  parasite  is  called  FiJaria  mwjuinis  hominis  (the  thread- 
worm of  the  blood  of  man).  The  adult  female  of  this 
creature  inhabits  the  lymphatic  glands  of  man,  and  is 
the  cause  of  the  curious  and  repulsive  disease  called 
elephantiasis,  and  of  kindred  maladies.  Embryos  produced 
from  these  sexually  mature  forms,  pass  from  the  lymphatic 
system  into  the  blood  of  man  and  circulate  with  it,  causing 
in  this  stage  certain  kidney  diseases.  No  forms  inter- 
mediate between  these  two  have  been  found  in  man,  and 
it  is  therefore  evident  that  the  intervening  stages  of  the 
life  of  the  parasite,  whatever  they  may  be,  are  spent  else- 
where. From  the  blood  of  man,  the  embryos  pass  into 
the  body  of  the  Mosquito  as  it  sucks  its  victim.  Only  a 
few  of  these  seem  to  be  digested  with  the  blood ;  the  rest 
escape  from  the  Mosquito's  digestive  tube  and  establish 
themselves  in  its  thorax,  at  the  same  time  undergoing  a 
change  of  form  indicative  of  an  advance  in  development. 
Thus  far  the  history  of  the  parasite  has  been  traced,  but 
exactly  what  happens  afterwards  is  still  to  some  extent  a 
mystery.  The  Mosquito  infested  with  FilariiE  appears 
soon  to  die,  the  parasite  apparently  subsisting  on  the 
contents  of  its  thorax.  It  has  been  thought  that  the 
Mosquito's  body  falling  into  the  water  on  its  death,  the 
parasites  escape  and  pass  a  free  existence  for  a  time,  being 
after  a  while  re-introduced  into  a  human  host  by  the 
drinking  of  the  water  that  contains  them.  In  investigating 
these  facts.  Dr.  Manson  got  a  Chinaman  whose  blood  was 
known  to  contain  Film-iir  to  sleep  in  a  small  curtained 
chamber  placed  in  a  larger  room  in  which  Mosquitos  were 
flying.  The  door  of  the  "  Mosquito  house"  having  been 
left  open  for  some  hours  after  the  man  had  gone  to  sleep, 
was  then  closed,  and  the  Mosquitos  which  had  entered 
were  thus  entrapped.  These  were  found  in  the  morning 
clinging  to  the  netting,  gorged  with  blood,  and  were  care- 
fully collected  day  by  day,  and  preserved ;  some  were 
examined  under  the  microscope  at  once,  others  not  until 
after  an  interval,  so  as  to  secure  a  later  stage  of  the 
parasite  ;  in  this  way,  by  the  examination  of  large  numbers 
of  the  insects,  after  intervals  of  dift'erent  length,  the 
fate  of  the  swallowed  Filariir  was  at  length  made  out  up 
to  the  point  indicated  above. 

One  of  the  most  curious  of  the  annoyances  that  have 
been  recorded  as  occasioned  by  Gnats  was  illustrated  in 
some  specimens  exhibited  at  a  meeting  of  the  Bristol 
Naturalists'  Society  in  1878.  Mr.  J.  W.  Clarke  showed 
some  sheets  of  writing  paper  from  Sweden  which  formed 
part  of  a  large  consignment  that  had  been  greatly  injured 
during  the  process  of  manufacture  through  a  swarm  of 
Gnats  having  got  mixed  up  with  the  pulp.  The  remains  of 
the  flies  were  to  be  seen  in  the  material  of  the  paper,  and 
some  specimens  were  so  perfect  as  to  be  easily  identified  as 
a  Cuh'.r,  and  all  seemed  to  belong  to  the  same  species. 
Another  record  is  made  of  a  Centipede  similarly  preserved 
in  paper,  and  no  doubt  paper  manufacturers  could  supply 
many  others,  though  perhaps  few  on  so  extensive  a  scale  as 
that  alluded  to  above. 

(To  be  continued.) 


THE  LIFE-HISTORY  OF  FILARIA  SANGUINIS 
HOMINIS. 

By  Joseph  W.  Willi.uis. 

THE  curious  parasite,  whose  life-history  we  are 
about  to  relate,  is  found  in  the  blood  of  persons 
suffering  from  a  disease  termed  chyluria,  which  is 
characterized  by  the  presence  of  chyle  in  the  urine, 
and  which  occurs  in  certain  tropical  and  sub- 
tropical countries,  especially  in  Brazil,  Mauritius,  the  Isle 
of  Bourbon,  Bombay,  the  West  Indies,  South  Carolina, 
and  Queensland.  Cases  now  and  again  occur  in  Europe — 
one  such  came  under  my  notice  two  years  ago  in  a  native 
of  India — but,  in  the  majority  of  instances,  the  persons 
affected  have  visited  the  tropics  at  some  period  of  their 
lives.  Five  cases  are,  however,  known  to  have  occun-ed 
sporadically,  and  out  of  these  two  have  been  recorded  in 
England — one  in  Lancashire,  by  Dr.  "William  Roberts,  and 
another  in  Norfolk,  by  Dr.  Beale.  The  general  range  of 
the  disease  is  within  the  limits  30°  south  and  30°  north 
latitude.  Probably,  what  is  known  as  elephantiasis 
arabum — which  must  not  be  confoimded  with  elephantiasis 
grsecorum  or  leprosy — is  also  to  be  attributed  to  the 
presence  of  the  same  parasite. 

This  parasite  has  only  been  known  to  science  in  recent 
years.  In  1866,  Dr.  Wucherer  foimd  several  specimens  at 
Bahia,  in  the  urine  of  a  patient  suffering  from  chyluria, 
and  two  years  later.  Dr.  Salisbury  described,  under  the  name 
of  Trichina  ci/stini,  some  worms  which  he  had  found  in  the 
urine  of  an  insane  person,  and  which  now  appear  to  have 
been  nothing  else  than  Filnria  snniiuinis.  About  the  same 
time.  Dr.  Lewis  of  Calcutta,  not  knowing  of  Wucherer's 
discovery,  called  attention  to  observations  that  had  been 
made  by  him  of  a  similar  character,  and  in  1872  he 
published  that  he  had  found  nine  specimens  of  the  same 
kind  of  hannatozoon  in  some  blood  which  he  had  extracted 
from  the  finger  of  a  Hindoo  who  was  suffering  fi'om 
elephantiasis  arabum.  Dr.  Lewis  had  sent  specimens  of 
his  first  case  to  Dr.  Parkes  and  Mr.  Busk  in  this  country, 
and  they  had  diagnosed  them  as  belonging  to  the  Filaridffi  ; 
and  afterwards  he  gave  to  them  the  name  of  Fihrria 
sanf/uinis  hoiiiinia.  These,  however,  were  all  cases  of  the 
discovery  of  the  immatiu'e  or  embryonic  worms.  The 
mature  worm  was  discovered  in  1876  by  Dr.  Bancroft  at 
Brisbane,  and  in  the  early  part  of  the  next  year  by  Dr. 
Lewis  in  India.  Dr.  Cobbold  then  gave  to  it  the  name  of 
Filariii  Buncni/'fi,  a  name  which  has  been  rightly  discarded 
for  the  prior  one  of  Dr.  Lewis.  Since  then  the  mature 
worm  has  been  seen  bvDrs.Los  Santos  and  Aranjo  in  Brazil, 
and  by  Dr.  Manson  in  China.  It  is  interesting  to  note 
that  the  mature  worm  is  only  known  to  exist  in  the 
lymphatics  of  its  host,  and  that  the  immature  or  embryonic 
worm  is  found  not  only  in  the  chyle  but  also  in  the  blood. 
The  female  worm  is  about  3  inches  in  length  and  about 
jJ  „th  of  an  inch  across,  of  an  opalescent  colour,  thread-like, 
and  appearing  "like  a  delicate  thread  of  catgut,  animated 
and  wriggling."  The  head  is  club-shaped,  the  mouth 
circular  and  destitute  of  papilla-,  and  the  body  devoid  of 
transverse  striations.  Except  an  alimentary  canal,  which 
runs  a  straight  and  narrow  course  from  head  to  tail,  the 
body  is  made  up  almost  entirely  of  the  reproductive  organs. 
The  animal  is  viviparous,  and  is  contimuilli/  giving  birth  to 
fully-formed  embryos.  These  embryos  are  of  about  the 
yV*!!  to  y'fjth  of  an  inch  in  length,  and  about  the  KsVr.tli  or 
TTs'tic  of  an  inch  in  diameter.  They  are  thread-like  (see 
Fig.  1),  and  enclosed  in  a  sheath,  like  a  baby  in  a  caid. 
When  examined  under  the  microscope  in  a  drop  of  blood 
they  exhibit  quick  eel-like   movements,  lashing   the  red 
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Fig.  1. — Embryos  of  FHaria  saiii/iiin 


corpuscles  in  all  directions.  The  number  of  them  Ln  the 
blood  of  a  person  affected  with  the  disease  of  which  they 
are  the  concomitants  must  be  enormous,  and  Dr.  Stephen 

Mackenzie  has 
reason  to  believe 
that  the  blood  of 
a  patient  who 
came  imder  his 
care  contained 
from  thirty-six  to 
forty  millions. 
The  eggs  are 
about  jTioth  by 
yiyth  of  an  inch 
in  length.  A 
complete  specimen  of  the  male  form  has  not  yet  been 
obtained,  but  Dr.  Lew-is  found  a  broken  specimen  half  an 
inch  in  length  and  y^th  of  an  inch  across.  It  was 
thinner  and  firmer  in  texture  than  the  female,  and  showed 
a  great  tendency  to  coil. 

The  following  measurements  of  a  female  specimen  will 
serve  to  distinguish  this  species  fi-om  any  other  Filarian  : — 

Of  an  Inch.         MM. 
Oral  aperture  to  end  of  oesophagus  ...       JL       or       '45 

Diameter  of  oral  aperture  ...  ...  ...     -3^^      „      '008 

Width  of  neck  ...         ...         ...         ...      _>_       ^^      -045 

„      about  J  inch  from  anterior  end    ...       ^|.        „      -162 
„      where  packed  with  ova  and  embiyos      you       m        '"'^ 
Comparing  its  characters  wath  those  of  Truhimi  Kpirnlu 
and  the  embryo  of  the  Guinea  worm  (Filaria  nudincnsis), 
the  only  two  human  parasites  with  which  it  may  be  con- 
foimded,  we  have — 


?;  in. 

J,  in.   I  1  to  46 


TaU. 


Blunt 
Acutely 
pointed 
Acutely 
poiuted 


Trichina  spiralis    

Filai*ia  medinensis 

[Embryo.] 
Filaria  san^iuis  homiuis  . 
[Embryo.  1 

The  greatest  peculiarity  of  these  parasites  is  their 
diurnal  variation.  If  the  blood  of  an  affected  person  be 
examined  between  6  a.m.  and  6  p.m.  none,  or  only  a  few, 
can  be  detected,  while  at  9  p.m.  they  are  more  abundant, 
and  at  or  about  midnight  the  blood  is  swarming  with 
thcrn.  About  3  a.m.  their  numbers  begin  to  appreciably 
decline,  and  at  6  a.m.  no  trace  of  them  can  be  found. 
This  periodicity  was  first  observed  by  Dr.  Manson,  and 
has  since  been  confirmed  by  Drs.  Myers,  Stephen 
Mackenzie  and  Lloyd  Jones.  What  the  reason  of  this  is, 
has  not  yet  been  satisfactorily  determined.  Dr.  Manson 
supposes  that  as  day  dawns  they  migrate  to  the  blood- 
vessels of  distant  organs,  like  the  lungs,  where  they  cannot 
be  easily  detected;  while  Myers,  reasoning  on  his  observa- 
tion that  they  become  more  languid  and  lethargic  as 
morning  approaches,  thinks  that  they  die  out,  and  that  a 
new  swarm  of  embryos  is  produced  by  the  females  for  the 
forthcoming  night.  However,  the  observation  of  Myers 
has  not  been  confirmed,  and  it  must  be  pointed  out,  as 
against  his  theory,  that  the  parturition  of  the  parent  is 
not  intermittent  but  continuous,  and  the  enormous 
numbers  in  the  blood  can  scarcely  be  considered  as  a 
single  brood,  even  on  the  assumption  that  more  than  one 
fertile  female  is  present  in  the  system  of  the  affected 
person.  However,  what  determines  their  presence  in  the 
blood  during  the  night-time  has  been  clearly  proved  to  be 
the  resting  condition  of  their  human  host.  In  a  case 
which  was  imported  from  India  to  this  coimtry,  and  which 
came  under  the  observation  of  Dr.  Stephen  Mackenzie, 
the  patient  changed  his  habits  of  life,  and  remained  out  of 
bed  during  the  night,  and  slept  during  the  day  for  a  period 


of  three  weeks.  The  result  was  that  the  Filarial  were  not 
found  at  all  in  the  patient's  blood  during  the  night,  but 
existed  in  immense  quantities  during  the  day-time.  Dr. 
Manson  has  since  confirmed  this,  and  has  also  shown  that 
if  the  general  sleep  of  eight  hours'  duration  be  broken  into 
two  periods  of  four  hours  each,  their  numbers  are  sensibly 
diminished.  Dr.  Mackenzie  has  also  shown  that  if  the 
patient  is  awake  and  on  the  move  during  a  thick  and  dark 
London  fog,  no  specimens  can  be  found  in  the  blood. 

Considering  that  they  are  chiefly  embryos  which  are 
found  in  the  human  body,  this  periodicity  is  interesting  in 
another  relation.  It  has  been  shown  by  Dr.  Manson  that 
they  have  an  intermediate  host,  and  that  intermediate  host 
is  a  ndcturmil  sjiecies  of  mosquito,  a  species  which  has  not 
been  determined,  but  which  can  be  recognised  in  the 
localities  in  which  diseases  from  Filaria  sanyuinix  occur  by 
its  dark  brown  colour  and  the  absence  of  any  markings  on 
its  abdomen,  thorax,  or  legs.*  Dr.  Manson  persuaded  a 
Chinaman,  who  had  embroyos  of  these  Filariie  in  his  blood, 
to  sleep  in  an  outhouse  which  was  infested  with  this  special 
species  of  mosquito.  He  in  the  morning  killed  these 
mosquitoB,  which  of  course  had  been  feeding  upon  the  man, 
and  found  numbers  of  the  embryos  in  their  stomachs,  and 
by  a  series  of  observations  has  shown  that  although  some 
of  them  are  digested  yet  others  pierce  the  thorax  of  the 
mosquito  and  go  through  a  series  of  changes  in  the 
surrounding  tissues,  which  lead  to  a  perfect  fitness  on  the 
part  of  the  parasite  for  an  independent  existence.  This 
takes  place  in  about  four  or  five  days.  About  the  sixth  or 
seventh  day  the  mosquito,  having  laid  her  eggs  on  the 
surface  of  some  pond,  dies,  her  body  becomes  decomposed, 
and  the  Filariie  escape  into  the  water,  which  after  being 
drunk  by  some  unsuspecting  person  they  perforate  the 
walls  of  his  stomach  and  intestines  and  find  their  next 
resting-place  in  his  lymphatics,  just  as  the  Trichina  spiralis 
does  in  the  muscles  and  the  liver-fluke  in  the  bile-ducts. 
The  cycle  now  commences  again  ;  the  adult  female  gives 
continuous  birth  to  embryos  in  the  lymphatics,  and  these, 
being  no  larger  than  the  red  corpuscles,  make  their  way  by 
the  thoracic  duct  into  the  general  blood  stream,  and  so  on. 

It  must  not  be  supposed  that  persons  who  have  Filarise 
in  their  blood  are  always  afl'ected  with  symptoms  of 
chyluria  or  elephantiasis  arabum.  Indeed  it  has  been 
shown  conclusively  by  Drs.  Hall,  Paterson,  and  others, 
that  such  is  not  the  case,  and  that  they  may  occur  in  the 
blood  without  gi\'ing  rise  to  any  external  symptoms  of 
their  presence.  But  these  two  diseases  are  essentially  due 
to  obstructions  in  the  flow  of  lymph  throughout  the  body. 
Dr.  Manson  and  several  others  have  observed  that  some- 
times ova  instead  of  embryos  escape  from  the  vagina  of  the 
female,  and  it  seems  to  be  due  to  this  abortive  development 
that  the  diseases  in  question  are  produced ;  for  these 
ova,  not  having  the  propulsive  movements — the  eel-like 
wrigglings  before  described — of  the  embryos  cannot  get 
through  the  narrow  channels  of  the  lymphatic  glands, 
and  so  by  their  numbers  dam  back  the  lymph  stream 
and  stop  its  flow.  They,  in  fact,  act  like,  what  is 
called  in  pathology,  an  embolus.  As  says  Dr.  Manson 
in  his  paper,  which  was  read  before  the  Pathological 
Society  in  1880,  "  There  will  be  a  complete  stoppage  of  the 
lymph  m  this  particular  vessel,  as  far  back  as  the  first 
anastomozing  lymphatic.  Along  this  the  current  will  now 
pass,  carrying  with  it  other  ova  ;    these,  in  their  turn,  will 

*  The  proboscis  of  this  mosquito  seems  to  be  adapted  in  some  inex- 
plicable way  for  the  purpose  of  extracting  the  embryos  from  the 
blood.  The  embryos  become  entangled  in,  or  attracted  to  it,  and  a 
drop  of  blood  taken  from  the  proboscis  of  the  mosquito  contains  a 
larger  niunber  than  a  di-op  of  blood  obtained  from  the  person  who  b^s 
been  bitten, 
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be  arrested  at  the  first  gland  they  reach.  And  this  process 
of  embolism,  stasis  of  lymph,  diversion  of  current  into 
anastomosis,  will  go  on  until  the  whole  of  the  lymphatic 
glands,  directly  or  indirectly  connected  with  the  vessel  into 
which  the  parent  parasite  ejects  her  ova,  are  rendered 
impervious,  provided  the  supply  of  ova  is  sufficient,  kept 
up  long  enough,  or  renewed  from  time  to  time.  The 
particular  form  of  lymphatic  disease,  and  the  place 
affected,  will  depend  on  the  position  occupied  by  the 
parent  worm,  on  the  number  of  ova  she  ejects,  on  the 
frequency  with  which  those  miscarriages  are  repeated,  and 
on  the  nature  of  the  tissues  involved,  and  individual 
peculiarities  and  accidents." 

One  great  outcome  of  our  knowledge  of  these  Filaria?  is 
the  fact  that  these  two  diseases  can  be  prevented  by 
filtering  the  drinking  water  of  the  localities  in  which  they 
are  prevalent,  but  the  filtering  should  be  carried  out  on 
strict  scientific  principles.  This  is  the  more  important 
since  statistics  reveal  to  us  that  one  in  every  ten  Chinamen 
is  affected,  and  one  in  every  twelve  inhabitants  of  Bahia. 


LUNAR  AND  TERRESTRIAL  VOLCANOS. 

By  Rev.  H.  N.  Hutchinson,  B.A.,  P.G.S. 

READERS  of  Knowledge  will  not  have  forgotten 
the  Editor's  interesting  paper  in  the  May 
number  of  last  year  on  "  The  Great  Bright 
Streaks  which  radiate  from  some  of  the  larger 
Lunar  Craters."  It  has  been  suggested  to  me 
that  the  question  of  the  origin  of  these  remarkable 
streaks  might  be  discussed  from  the  geological  point  of 
view,  and  that  I  should  present  some  facts  with  regard 
to  the  lines  of  fracture  and  displacement  among  the 
stratified  rocks  of  the  Earth's  crust  which  are  known 
among  geologists  as  "  faults."  Geological  science  has 
received  valuable  aid  from  astronomers,  and  possibly 
there  are  questions  in  Astronomy  on  which  geologists 
might  throw  some  light ;  at  all  events,  it  is  a  good  thing 
occasionally  that  students  of  one  science  should  endeavour 
to  throw  light  on  another.  I  only  regret  that  the  subject 
is  not  handled  by  one  more  deeply  versed  in  lunar 
questions. 

In  my  previous  paper  on  "  The  Cause  of  Volcanic 
Action,"  I  mentioned  the  connection  between  volcanos, 
mountain-chains,  and  lines  of  weakness  in  the  Earth's 
crust,  which  are  closely  connected  with  lines  of  fracture 
(p.  106)  ;  and  this  would  seem  a  fitting  opportunity  for 
turning  our  thoughts  to  those  remarkable  outbursts  of 
volcanic  action  on  a  prodigious  scale  of  which  the  Moon's 
numerous  craters  stand  as  sUent  yet  speaking  witnesses, 
and  to  inquire  how  far  the  cracks  radiating  from  some  of 
them  may  be  compared  with  terrestrial  cracks. 

In  Mr.  Ranyard's  paper  we  find  a  summary  of  the 
opinions  put  forward  by  different  authorities  on  the 
subject  of  lunar  streaks.  "  There  are  certainly  seven  such 
ray  systems,"  he  says,  "  all  with  craters  at  their  centres, 
namely : — Tycho,  Copernicus,  Kepler,  Byrgius,  Anaxagoras, 
Aristarchus,  and  Gibers."  Of  these,  Tycho  is  the  most 
conspicuous  example  ;  its  radiating  streaks  come  out  well 
in  lunar  photographs  (see  tlie  illustrations,  pp.  1'2'J  and 
278,  Vol.  XIII.)  The  radiating  streaks  from  Copernicus 
are  well  seen  in  the  second  photo,  in  the  December 
number  of  IH'JO.  Two  of  the  longest  from  Tycho  extend 
to  a  distance  of  over  1000  miles  from  tlie  crater.  Nichol 
thought,  as  Mr.  Ranyard  tell  us,  that  they  were  composed 
of  matter  shot  up  from  the  interior  of  the  Moon  ;  and 
compares  them  to  mineral  veins  or  to  "  trap-dykes  '  (of 


basalt  or  other  igneous  rock),  such  as  are  known  to  pierce 
the  sedimentary  strata  upon  Earth. 

Nasmyth's  opinion  was  that  the  radiations  "  are  cracks 
divergent  from  a  central  region  of  explosion,  and  filled  up 
with  molten  matter  from  beneath."  His  experiment  with 
a  glass  globe  to  illustrate  this  is  described  in  the  above 
paper  (p.  130),  also  in  Nasmyth  and  Carpenter's  book  on 
the  Moon  (1874,  p.  131.)  "Proctor  seems  to  have 
favoured  the  trap-dyke  theory.  Neison,  after  carefully 
setting  out  the  observed  facts,  refrains  from  advancing  any 
theory."  Young  hesitates  between  this  theory  and  the 
idea  that  they  may  be  mere  surface  markings.  Mr. 
Ranyai-d  himself  thinks  "  that  they  correspond  to  a  series 
of  radiating  cracks,  or  faults,  from  which  comparatively 
warm  air  issues  charged  with  aqueous  vapour,  which  is 
deposited  as  hoar-frost  on  either  side  of  the  vent." 

Thus  there  seems  to  be  a  consensus  of  opinion  that,  in 
some  way  or  other,  the  radiating  streaks  are  due  to  cracks, 
and  we  can  only  conceive  of  such  fractures  as  being  due  to 
a  disruptive  action,  originated  by  the  reaction  of  the  inte- 
rior of  the  Moon  upon  its  outer  crust.  Taking  so  much 
for  granted,  we  may  pass  on  to  the  question  of  the  nature 
of  the  disruptive  force.  Was  it  due — as  Messrs.  Nasmyth 
and  Carpenter  say — to  the  expansion  of  molten  rocky 
matter  below  the  Moon's  surface  on  nearing  the  point  of 
solidification  ?  or  was  it  originated  by  the  cooUng  and 
consequent  contraction  of  the  body  of  the  Moon  which 
would  leave  the  outer  crust  here  and  there  unsupported, 
and  hence  this  crust  in  settling  down  and  endeavouring  to 
adapt  itself  to  a  smaller  surface  below  would  undergo  tan- 
gential strains  and  thrusts,  which,  it  is  easy  to  conceive, 
might  result  in  a  certain  amount  of  fi-acturuig  ?  A  simple 
illustration  of  this  is  aft'orded  by  the  wrinkling  of  the  skin 
of  an  apple  as  it  dries.  The  soft  pericarp  below  shrinks  as 
it  loses  water,  and  so  the  skin  has  to  settle  down  and 
accommodate  itself  to  a  smaller  surface,  and  in  doing  so  it 
must  inevitably  be  wrinkled,  or  thrown  into  folds.  This 
is  a  view  which  might  perhaps  commend  itself  to  a  geo- 
logist, for  it  is  on  a  similar  theory  that  geologists  explain 
the  great  foldings  which  have  produced  terrestrial  moim- 
tain  chains,  which  latter  are  clearly  connected  with  lines 
of  weakness  or  fracture  such  as  they  suppose  allowed 
rocky  matter  from  below  (charged  with  steam)  to  well  up 
to  the  surface  and  so  give  rise  to  volcanic  action.  Vol- 
canos, as  we  pointed  out  in  our  last  paper,  have  a  striking 
connection  with  mountain  chains.  On  this  \dew  the  fold- 
ing, contortion  and  fracturing  of  strata,  so  conspicuous  in 
mountains,  is  a  secondary  result  of  the  secular  refrigeration 
of  our  planet.  Nothing  short  of  this  seems,  at  present, 
equal  to  the  Titanic  work  of  upheaval.  At  the  same  time 
the  theory  is  not  proved,  and  some  authorities  refuse  to 
accept  it. 

Let  us  now  turn  to  the  Earth  and  see  what  Geology  teUs 
us  about  terrestrial  cracks.  These  are  of  two  kinds  ;  first, 
there  are  tlic  "  faults,"  to  which  we  have  already  referred; 
secondly,  the  "  trap-dykes,"  which  are  very  numerous  in 
Scotland  and  northern  England. 

It  may  easily  be  conceived  that  the  force  which  was 
sufficient  to  raise  vast  masses  of  solid  rock  of  immense 
thickness  ft-om  the  bottom  of  the  sea,  where  thoy  were 
deposited,  high  into  the  air  in  order  to  form  dry  land, 
and,  moreover,  to  bend  them  into  great  folds  and  contor- 
tions of  all  sizes,  might  also  be  sufficient  to  crack  and 
break  them  through.  Accordingly  we  find  in  the  stratified 
series  very  frequent  instances  of  cracks  running  through 
great  thicknesses  of  rock,  and  obviously  caused  by 
disturbing  force ;  sometimes  they  are  mere  fissures,  but 
more  frequently  there  is  not  only  a  severance  but  a  dis- 
placement of  the  rocks  that  have  been  severed.     Strata 
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once  continuous  are  left  at  very  different  levels  on  opposite 
sides  of  the  fissure.  Hence  the  term  "  fault."  Some  of 
the  "faults'"  i-cnowu  to  geologists  are  not  only  of  great 
horizontal  length  as  traced  along  the  surface,  hut  of  very 
considerable  depth,  and  have  produced  enormous  displace- 
ments. Thus  the  great  Pennine  "  fault  "  of  the  north  of 
England  is  known  to  be  at  least  55  miles  long,  and  has  a 
"  throw  "  of  6-7000  feet,  i.e.,  the  rocks  on  either  side  have 
been  displaced  to  that  extent.  It  was  probably  formed  at 
some  time  during  the  upheaval  of  the  Pennine  range  of 
hills,  which  runs  north  and  south  as  the  "  fault  "  also 
does.  The  Tyndale  "  fault "  has  a  throw,  of  nearly 
3000  feet,  and  it  rims  eastwards  for  about  50  miles. 
Fractures  not  unfrequently  occur  along  the  axes  of  great 
folds,  such  as  we  find  in  mountain  chains,  the  strata 
having  snapped  under  the  great  tension  to  which  they 
were  subjected  during  upheaval.  Thus  we  find  "  faults  " 
running  parallel  with  some  of  the  great  mountain  chains 
of  the  world  ;  the  Alps  and  Himalayas  are  cases  in  point. 

This  connection  between  great  terrestrial  cracks  and 
important  mountain  ranges  is  only  what  might  have  been 
expected.  The  Unita  Mountains  of  Wyoming  and  Utah 
consist  of  one  broad  flattened  fold,  with  a  displacement, 
m  places  where  the  uplift  has  been  greatest,  of  20,000 
feet !  If  the  lunar  streaks  under  consideration  are  due  to 
"  faults,"  it  is  difficult  to  understand  how  the  level  on 
each  side  should  be  so  little  disturbed.  As  a  general  rule, 
the  brightness  of  the  lunar  surface  corresponds  to  the 
altitude  of  the  ground.  Mr.  Eanyard  says  the  rays  do 
not  correspond  to  lofty  ridges,  or  even  to  ridges  a  few 
hundred  feet  in  altitude,  for  no  ridges  casting  shadows  as 
the  sun  rises  and  sets  can  be  detected  as  coincident  with 
the  streaks.  It  seems  generally  admitted  that  they  do  not 
correspond  to  lava-streams,  for  the  rays  run  across 
mountains  and  plains,  and  even  through  the  rings  and 
cavities  of  old  craters. 

Beheving  the  trap-dyke  theory  to  be  the  most  plausible 
explanation,  we  would  like  to  ask  whether,  in  spite  of  no 
shadows  having  yet  been  detected,  the  rays  may  not  be  due 
after  all  to  Klii/lit  riilijis  of  igneous  rock  welling  out  in  a 
viscous  state  from  long  cracks,  and  so  catching  a  little 
more  light  than  the  surrounding  parts  of  the  lunar  surface. 
Such  ridges  might  be  no  more  than  100  or  200  feet  in 
height,  and  if  their  sides  slope  gradually  it  might  be  im- 
possible to  detect  their  shadowsi  We  may  also  suppose 
they  consist  of  some  light-coloured  trap-rock,  such  as 
felstone,  and  to  be  "  weathered  "  by  the  lunar  atmosphere, 
thus  presenting  a  somewhat  whitened  surface.  It  is  quite 
possible  that  the  lunar  trap-rocks  maj*  be  of  a  highly 
siliceous  nature,  like  "  volcanic  glass,"  also  that  they  may 
have  been  considerably  weathered  and  whitened  by  the 
action  of  great  quantities  of  steam,  now  absorbed  by  the 
Moon,  emitted  in  the  last  phases  of  lunar  volcanic  action. 
We  know  that  steam  can  act  chemically  on  glass,  and  turn 
it  white.  The  lunar  photograph  in  Mr.  Ranyard's  paper 
shows  that  the  streaks  are  not  nearly  so  bright  as  some 
moimtains  and  craters,  but  this  would  easily  be  accounted 
for  by  the  very  great  difl'erence  in  height.  Our  idea  is 
that  the  lunar  moiintain  ranges  are  composed  of  volcanic 
rocks  thrown  up  in  some  way  from  lines  of  fissure,  and 
that  the  streaks  are,  as  it  were,  attempts  at  hmar  mountain 
ranges,  which  failed  because  for  some  reason  the  lava  was 
not  forced  up  in  sufficient  quantity.  We  rebel,  for  several 
reasons,  against  the  idea  of  the  lunar  mountains  being 
covered  with  snow.  For  instance,  there  is  a  great  differ- 
ence in  the  whiteness  of  different  lunar  mountains,  which 
would  be  impossible  if  snow  were  the  cause  of  the  white- 
ness. But  if  they  are  composed  of  different  kinds  of  trap- 
rock,    it    is    extremely   likely   that   they   would    weather 


differently,  so  that  some  might  be  whiter  than  others. 
Those,  like  basalt,  of  a  more  basic  character  {i.e.  with 
more  lime  and  magnesia),  would  be  of  a  darker  colour, 
while  others,  like  ielstoue  (which  is  acidic  and  contains 
much  free  silica),  would  be  of  a  lighter  hue. 

In  looking  over  the  beautiful  pictures  in  Messrs. 
Nasmyth  and  Carpenter's  book,  we  notice  another  point 
which  seems  to  favour  this  idea  — namely,  that  short  lines 
of  mountains  are  so  often  seen  in  connection  with  lunar 
craters,  sometimes  roughly  radiating  from  them,  some- 
times all  more  or  less  in  one  direction.  We  observe  this 
especially  in  the  pictures  of  Gassendi  (the  frontispiece), 
Copernicus,  Archimedes,  Aristotle  and  Eudoxus,  Trisnecker, 
Plato,  Mercator  and  Campanus,  and  also  very  plainly  in 
the  photo  of  Aristarchus  and  Herodotus.  Again,  the 
occurrence  of  craters  in  lines,  in  some  cases,  is  another 
important  fact  tending  to  confirm  this  idea.  (It  will  be 
remembered  that  terrestrial  volcanos  run  very  markedly  in 
lines.)  It  may  be  well  here  to  quote  the  authors  above 
referred  to.  They  say  (p.  98)  :  "  We  have  upon  the 
Moon  evidence  of  volcanic  eruptions  being  the  final 
result  of  most  extensive  dislocations  of  surface,  such 
as  could  only  be  produced  by  some  widely  diffused  up- 
lifting force.  We  allude  to  the  frequent  occurrence 
of  chains  and  craters  lying  in  a  nearly  straight  line,  and  of 
craters  situated  at  the  converging  point  of  visible  lines  of 
surface  disturbance.  Our  map  wiU  exhibit  many  examples 
of  both  cases.  An  examination  of  the  ujjper  portion  (the 
southern  hemisphere  of  the  Moon)  will  reveal  abundant 
instances  of  the  linear  arrangement.  Three,  four,  five,  or 
even  more  crateral  circles  will  be  found  to  lie  with  their 
centres  upon  the  same  great-circle  track  ;  pro\-ing  almost 
undoubtedly  a  connection  between  them,  as  far  as  the 
original  disturbing  force  which  produced  them  is  concerned. 
Again,  in  the  craters  Tycho,  Copernicus,  Kepler  and 
Proclus,  we  see  instances  of  the  situation  of  a  volcanic 
outburst  at  an  obvious  focus  of  disturbance." 

On  this  theory,  the  dark  linear  markings  on  the  Moon, 
known  as  "hills"  or  "clefts,"  are  probably  cracks  up 
which,  for  some  reason,  the  molten  matter  only  welled-up 
to  some  point  below  the  surface.  Perhaps  they  formed 
later  than  other  terrestrial  features,  after  the  volcanic  fires 
had  died  out,  and  when  the  linear  surface  was  losing  its 
old  heat  rapidly  and  therefore  cracking  as  it  contracted  on 
cooling. 

It  must  be  confessed  that  there  is  httle  to  be  said  in 
favour  of  the  view  that  the  lunar  streaks  have  been  pro- 
duced in  a  similar  way  to  terrestrial  "  faults,"  for  several 
reasons :  First — the  mountains  of  the  Moon,  as  far  as  we 
can  see,  are  different  to  terrestrial  mountains,  and  seem  to 
be  entirely  volcanic,  whereas  our  mountains  are  mostly 
due  to  the  upheaving  and  folding  of  sedimentary  strata ; 
their  present  outlines  being  the  result  of  long-continued 
atmospheric  denudation.  Secondly — it  seems  to  me  im- 
possible, in  the  present  state  of  our  knowledge,  to  say 
whether  stratified  rocks  are  present  on  the  lunar  surface. 
If  at  one  time  there  were  seas,  and  an  atmosphere  at  all 
like  ours,  "  denudation  "  must  certainly  have  taken  place, 
and  that  would  involve  the  accumulation  of  marine  sedi- 
mentary deposits.  Many  beheve  that  there  is  endence  of 
stratification  and  even  of  tilted  strata  in  the  hmar 
Apennines  ;  but  if  this  is  the  case,  I  should  prefer  to 
consider  such  strata  as  purely  volcanic,  viz.,  lava  and 
ashes.  Thirdly — terrestrial  "  faults  "  are  very  sharp  Unes 
of  dinsion,  Uke  the  cracks  which  form  in  a  sheet  of  ice 
after  continued  skating,  so  that  we  could  not  expect  to  see 
them. 

One  word  in  conclusion  about  "  trap-dykes."  These 
are  veins  of  eruptive  rock  (basalt,  &c.)  filling  up  vertical 
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or  highly  inclined  fissures,  and  are  so  named  on  account  of 
their  resemblance  to  walls  (Scnttice,  dykes).  When  the 
surrounding  rock  has  decayed,  the  dykes  may  be  seen 
projecting  above  ground  exactly  like  walls.  Sometimes 
the  eruptive  rock  has  followed  the  course  of  a  "  fault"  ; 
but  in  Scotland,  at  least,  the  vast  majority  of  dykes  rise 
along  ordinary  fissures  which,  having  caused  no  displace- 
ment, cannot  be  considered  as  "  faults."  On  the  contrary, 
the  dykes  may  be  traced  undeflected  across  some  of  the 
largest  "  faults."  Dykes  differ  from  veins  in  the  greater 
parallelism  of  their  sides,  their  verticality,  and  greater 
general  regularity.  Usually  a  dyke  cannot  be  traced  far, 
but  the  well-known  Cleveland  Dyke,  in  the  north  of 
England,  runs  for  at  least  60  miles,  cutting  through 
various  "  formations  "  till  it  reaches  the  Yorkshire  coast, 
200  miles  or  more  from  the  sheets  of  Miocene  trap-rock 
with  which  it  is  probably  connected.  The  south-western 
half  of  Scotland,  and  the  northern  parts  of  England  are 
ribbed  across  with  thousands  of  dykes  which  seem  to  be 
connected  with  the  volcanic  chain  of  the  inner  Hebrides 
(of  Tertiary  age).  The  fissures  through  which  such  dykes 
forced  theu-  way  were  not  made  by  the  molten  matter 
itself,  but  more  probably  were  the  result  of  violent 
explosions  and  earthquakes  proceeding  from  a  region  of 
volcanic  action. 

I  must  now  conclude  this  paper,  leaving  the  reader  to 
judge  if  I  am  warranted  in  applying  the  trap-dyke  theory 
to  the  lunar  streaks.  It  certainly  harmonizes  lunar  and 
terrestrial  phenomena,  and  suggests  a  close  connection 
between  radiating  streaks,  chains  of  lunar  volcanos, 
mountain  ranges,  and  ridges  or  lines  of  hills  near  the 
volcanos. 


Kemakks  by  a.  C.  Eanyard. 

If  the  reader  will  turn  to  the  photographs  of  the  Moon, 
published  in  Knowledge  for  May,  1890,  and  October, 
1889,  he  will  see  that  the  rays  or  streaks  have  not 
sharply  defined  edges  as  they  presumably  would  ha\e  if 
they  were  trap-dykes.  The  rays  vary  in  breadth,  many 
being  from  twenty  to  thirty  miles  broad,  with  very  soft 
nebidous  edges.  The  whiteness  of  the  rays  in  some  cases 
may  be  seen  to  degrade  gradually  from  a  narrow,  sinuous, 
bright  band  which  runs  along  their  centres — see,  for 
example,  the  two  rays  from  Tycho  that  run  across  the 
Mare  Nubium,  shown  in  the  plate  published  in  the  May 
number  for  1890.  The  rays  seem  in  no  way  to  interfere 
with  the  forms  of  the  craters  and  irregularities  of  the 
hmar  surface,  as  we  should  expect  to  find  them  interfering 
if  they  corresponded  to  a  wall  of  injected  rock  either 
harder  or  softer  than  the  surrounding  material.  A  good 
instance  of  a  broad  ray  passing  over  craters  and  rough 
ground  without  aft'ecting  the  forms  of  the  craters  and 
mountains  is  shown  in  photograph  No.  1,  plate  No.  1,  in 
the  October  number  for  1889,  where  a  strikingly  bright  ray 
radiating  from  Tycho  passes  across  the  rough  ground  to 
the  south  of  the  Mare  Nectaris  and  then  across  the  plain 
and  onward. 

Lava  streams  and  volcanic  regions  on  the  earth  are 
generally  dark  as  compared  with  the  surrounding  rocks, 
but  the  light-reflecting  character  of  these  rays  cannot 
be  accounted  for  unless  they  are  capable  of  reflecting 
more  light  than  light  sandstone,  or  oven  than  chalk. 
For  the  light -reflecting  power  of  the  Moon,  taken  as  a 
whole,  about  corresponds  to  that  of  light  sandstone.  See 
the  often  quoted  observation  of  Sir  .lohn  llerschel,  who 
compared  the  light  of  the  nearly  full  Moon  with  that 
reflected  from  Table  Mountain  at  the  Cape.  Everyone 
is  familiar  with  the  whitish  appearance  of  the  Moon  as 


seen  in  the  day-time.     It  appears  hke  a  small  whitish 
cloud. 

There  are  many  large  dark  areas  upon  the  Moon,  conse- 
quently the  brighter  parts  must  be  relatively  white  as 
compared  with  light  sandstone.  It  is  true  that  the 
summits  of  lunar  mountains  and  craters  differ  greatly  as 
to  their  whiteness,  but  few  terrestrial  mountains  are 
wholly  covered  with  snow,  and,  as  seen  fi-om  a  distance, 
their  whiteness  would  depend  upon  the  amount  of  rock 
surface  and  shadow  intermixed  with  the  snow.  The 
Moon,  as  a  whole,  reflects  a  little  less  than  a  quarter 
of  the  light  reflected  by  fi-esh  fallen  snow.  My  argument 
is  that  the  brighter  patches  and  rays  are  so  bright  as 
compared  with  the  rest  of  the  Moon's  surface  that  their 
whiteness  cannot  difl'er  greatly  from  the  whiteness  of 
snow. 


THE   CHEMISTRY   OF   THE    DAIRY. 

Dy  Vaughan  Corxish,  B.Sc,  F.C.S. 

IT  is  often  felt  as  a  disappointment  by  persons  who 
have  been  at  some  pains  to  acquire  a  knowledge  of 
the  principles  of  chemistry,  that  the  chemistry  of  the 
breakfast  table  remains  still  beyond  their  ken.  Com- 
mon salt  presents  no  difficulty,  but  what  are  mustard 
and  pepper,  sugar,  milk  and  butter  ?  Many  a  chemist  has 
had  his  breakfast  spoilt  by  being  called  upon  to  explain 
the  composition  of  these  things  when  he  would  rather  be 
availing  himself  of  their  nutritive  properties.  The  "  Pro- 
fessor at  the  Breakfast  Table  "  may  sometimes  indulge  the 
didactic  vein,  but  only  in  a  moment  of  imusual  rashness 
will  the  professor  attempt  an  untechnical  exposition  of  the 
constitution  of  organic  bodies.  The  reason  is  not  far  to 
seek.  The  number  of  organic  substances  is  very  large, 
being  reckoned,  indeed,  by  thousands.  The  great  majority 
of  these  consist  of  carbon  and  hydrogen,  of  carbon,  hy- 
drogen, and  oxygen,  or  of  these  three  elements  together 
with  nitrogen.  A  mere  statement  of  the  elements  con- 
tained in  the  substance  gives  practically  no  information  as 
to  its  nature.  Each  chemical  substance  is  made  up  of  a 
number  of  small  parts,  the  fnulcnths.  The  properties  of 
the  substance  are  determined  principally  by  the  properties 
of  the  molecules.  The  molecules  of  organic  substances  are 
differentiated  from  one  another,  chiefly  by  the  number  of 
atoms  in  the  molecule,  and  by  the  mode  of  arrangement  of 
these  atoms,  rather  than  by  the  nature  of  the  atoms  them- 
selves. The  connection  between  the  arrangement  of  the 
atoms  and  the  properties  of  a  substance  is  subtle  and  intri- 
cate, and  the  experiments  required  for  the  discovery  of  the 
mode  of  arrangement  of  the  atoms  are  complicated  and 
ditiicult  to  follow.  There  is  no  royal  road  to  this  branch  of 
knowledge  ;  a  general  grasp  of  organic  chemistry  can  only  be 
gamed  through  the  laborious  study  of  detail.  It  is  iMSsible, 
nevertheless,  to  impart  a  certain  amoimt  of  information 
concerning  the  chemistry  of  foods  without  demanding  this 
knowledge  of  details.  It  is  true  that  the  acquaintance 
which  is  thus  gained  is  far  from  being  satisfying  to  the 
enquiring  mind,  but  it  is  nevertheless  thus  far  satisfactory 
that  it  has  a  definite  practical  value. 

The  present  article,  within  the  limits  we  have  indicated, 
deals  with  the  chemistry  of  milk  and  of  the  food-stuff's 
prepared  from  it.  Milk  may  be  described  as  an  emulsion, 
its  opacity  being  due  to  the  dissemination  throughout  its 
bulk  of  a  great  number  of  small  globules  of  fat.  This  fat 
swims  in  a  watery  fluid,  not  pure  water  but  an  aqueous 
solution  of  caseine,  milk  sugar,  and  a  small  amount  of 
inorganic  matter  consisting  chiefly  of  common  salt  and 
phosphate  of  lime.     In  the  study  of  milk,  cream,  butter 
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and  cheese  we  are  principally  concerned  with  the  various 
proportions  in  which  these  articles  contain  the  three  con- 
stituents, fat,  caseine,  and  milk  sugar.  Our  mode  of 
treatment  of  the  subject  precludes  us  from  attempting 
a  detailed  explanation  of  the  chemical  nature  of  each  of 
these  ingredients ;  we  merely  draw  attention  to  the  fact 
that  fats  and  sugars  possess  distinct  and  valuable  nutri- 
tive properties  (chiefly  as  fattening  and  warming  diet), 
wliilst  caseine,  which  is  the  only  one  of  the  three  con- 
taining the  element  nitrogen  (which  constitutes  about  15 
per  cent,  of  the  caseine)  helps  to  form  tissue,  its  presence 
in  cheese  giving  that  article  its  value  as  a  substitute  for 
meat  diet.  The  composition  of  the  milk  of  cows  only 
varies  within  somewhat  narrow  limits.  Change  of  diet 
affects  rather  the  quantity  than  the  composition  of  the 
secretion,  milk  in  this  respect  resembling  the  blood  rather 
than  certain  other  animal  fluids.  It  is  true  that  the  diet 
affects  the  flavour  (as  in  the  case  of  a  turnip  flavour  from 
swedes  if  eaten  shortly  before  milking  time),  but  this  is 
apparently  due  to  the  presence  of  a  very  small  quantity  of 
a  strongly-tasting  material,  the  percentage  composition  of 
the  milk  being  practically  unaffected.  Below  are  given 
representative  analyses  of — 

(1)  Ordinary  country  milk. 

(2)  Of  town  mUk  from  stall-fed  cows,  which  is  generally 
somewhat  richer  in  fat. 

Country  MUk.  Town  (.«tall-f(><l)  Milk. 

Water 87-55  %  ...  85-94  % 

Fat        3-09  ...  4-00 

Caseine 4-01  ...  5-01 

Milk  sugar         ...       4-63  ...  4-31 

Ash        -72  ...             -74 


100-00 


100-00 


We  have  said  that  the  composition  of  cows'  milk  varies, 
though  only  within  somewhat  narrow  limits.  Eich  milk 
contains  more  fat,  poor  milk  more  water ;  the  dissolved 
substances  (caseine,  milk  sugar,  and  the  inorganic  sub- 
stances), which  are  often  referred  to  as  the  inilk  aolith  not 
lilt  constitute  a  nearly  constant  quantity.  The  determina- 
tion of  the  milk  solids  not  fat  affords  a  means  of 
ascertaining  if  the  milk  has  been  sophistkatnl,  that  is  to 
say,  has  undergone  artificial  alteration  of  its  composition. 
Thus  a  milk  with  a  somewhat  high  percentage  of  water 
woidd  pass  as  a  naturally  poor  milk  if  the  solids  not  fat 
were  in  the  usual  proportion  to  the  total  weight  of  the 
milk,  but  if  the  amount  of  these  solids  is  too  low  the 
conclusion  can  be  drawn  that  the  milk  has  been  watered. 
Skimming  the  cream  or  fat  from  the  surface  of  the  milk 
would  make  the  percentage  of  solids  not  fat  too  high. 
It  is  true  that  it  would  be  possible  to  combine  the  two 
processes  of  skimming  and  wateriug  so  as  to  leave  im- 
altered  the  percentage  of  solids  not  fat,  but  in  this  case 
the  ratio  of  water  to  fat  would  be  greater  than  is  admitted 
by  the  known  range  of  variation  in  the  composition  of  the 
natural  milk.  This  device  of  combined  skimming  and 
watering  is  said  to  be  sometimes  resorted  to  in  order  to 
baffle  the  inspector  and  his  lactometer.  The  specific  gra^-ity 
of  milk  is  about  1  -03  (water  being  taken  as  tmity).  The  fa't 
is  Ughter  than  water,  therefore  skimming  raises  the  specific 
gravity.  Ordinary  well  water  is  lighter  than  milk  (owing 
to  the  presence  of  the  solids  in  solution  in  the  watery  fluid 
of  the  milk),  hence  watering  lowers  the  speciiic  gravity. 
Though  the  lactometer — which  indicates  the  density  by 
the  depth  to  which  it  sinks— is  de\-ised  to  detect  either 
mode  of  sophistication,  yet  a  skilful  combination  of  the 
two  wiU  bafQe  the  instrument.  As  we  have  shown,  how- 
ever, analysis  is  capable  by  an  indirect  method  of  detecting 


this  mode  of  sophistication.  It  is,  nevertheless,  unfortunate 
that  there  is  no  iJirect  test  known  by  which  added  water 
can  be  discriminated  from  that  of  the  natural  milk.  It  is 
probable  that  the  adulteration  of  milk  with  impure  water 
has  sometimes  resulted  in  the  propagation  of  disease. 

When  milk  is  left  to  stand,  the  globttles  of  fat,  being 
lighter  than  the  liquid  in  which  they  float,  gradually  rise 
to  the  surface,  a  layer  of  cream  being  formed.  The  rich- 
ness of  the  cream  thus  produced  varies  greatly,  the  per- 
centage of  fat  being  sometimes  less  than  20,  sometimes 
more  than  40.  The  watery  fluid  of  the  cream  has  nearly 
the  same  composition  as  that  of  ordinary  mUk,  and  by  the 
determination  of  the  proportion  of  water  to  milk  solids  not 
fat  the  analyst  is  enabled  to  judge  if  the  article  has  been 
treated  by  watering. 

In  cream  the  globules  of  fat  are  more  closely  aggregated 
than  in  milk,  but  when  the  cream  is  subjected  to  prolon'ged 
agitation,  as  is  done  in  the  churn,  the  globules  actually 
cohere,  and  a  solid  mass  separates  fi-om  the  butter-milk, 
which  consists  principally  of  water,  caseine,  and  milk- 
sugar.  The  salt,  which  is  added  as  a  preservative,  and 
for  flavouring  purposes,  j)asses  largely  into  the  butter- 
milk, that  which  remains  in  the  butter  being  kept  in  solu- 
tion by  the  water  present.  Good  butter  usually  contains 
about  14  per  cent,  of  water,  2  per  cent,  of  salt,  and  a  very 
small  quantity  of  caseine,  the  remainder,  or  more  than 
80  per  cent.,  being  fat.  Its  value  as  a  food  depends  on 
the  proportion  of  fat,  but  the  importance  of  freeing  the 
butter  as  much  as  possible  from  water  arises  also  from  the 
circumstance  that  water  in  an  undue  proportion  not  only 
lessens  the  nutritive  value  but  prevents  the  butter  from 
keeping.  Although  rich  butter  consists  principally  of 
milk  fat,  the  fat  by  itself  would  prove  unpalatable. 

Fats  other  than  milk  fat,  chiefly  the  fat  of  meat,  are 
now  largely  employed  for  the  j^reparation  of  a  substitute 
for  butter.  They  possess  some  of  the  valuable  qualities  of 
milk  fat,  but  are  inferior  in  flavour,  and  less  easily  digested. 
Margarine  is  sometimes  made  wholly  fi-om  these  fats,  whilst 
the  more  expensive  kinds  contain  milk  fat,  sometimes  in 
quantity  equal  to  that  of  the  foreign  fats.  Formerly 
the  detection  of  foreign  fats  in  butter  could  not  be  made 
with  certainty,  but  as  the  practice  of  adulterating  butter 
in  this  way  became  more  general,  new  methods  of  analysis 
were  elaborated,  and  now  the  detection  of  foreign  fats 
can  be  made  readily  and  with  certainty.  Any  material 
containing  an  admixture  of  foreign  fats  is,  legally,  mar- 
garine, and  its  exposure  for  sale  without  the  weU-known 
label  is  punishable  by  fiae.  The  exammation  of  "reputed 
butter"  now  forms  a  considerable  part  of  the  public 
analyst's  work.  A  usual  method  of  ijrocedure  is  to  deter- 
mine, by  a  quick  process,  the  specific  gi-avity  of  the  melted 
fat.  If  the  specific  granty  is  below  that  of  butter  fat,  a 
chemical  analysis  is  made.  The  principal  tests  are  those 
depending  on  the  fact  that  milk  fat  yields  about  ten  times 
as  much  butyric  acid  as  other  fats,  and  that  the  ordinary 
margarine  fats  yield  a  larger  proportion  of  the  so-called 
umaturiittd  acids.  These  have  the  power  of  combining 
with  iodine,  and  their  presence  may  be  detected  by  the 
iodine-ahsorjitiiDi  test,  which  consists  in  determining  the 
change  of  strength  which  takes  place  in  a  standard  iodine 
solution  when  left  in  contact  with  the  material. 

In  the  process  of  butter-making,  as  we  have  seen,  almost 
aU  the  caseine  and  the  milk  sugar  are  left  in  the  butter- 
milk. In  Germany,  milk  sugar  is  extracted  from  butter- 
milk for  the  purpose  of  adding  it  to  ordinary  cows'  milk 
intended  as  food  for  infants.  In  this  way  a  milk  is 
obtained  which  approximates  closely  to  the  natm-al  food  of 
children,  which  contains  a  larger  proportion  of  sugar  than 
the  milk  of  the  daii-y. 
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In  the  manufacture  of  chsese  the  nitrogenous  material 
of  milk  (caseine)  is  thrown  out  of  solution  in  the  solid 
form  by  the  action  of  rennH  (an  infusion  from  the  stomach 
of  the  calf),  whilst  the  greater  part  of  the  milk  sugar 
remains  in  solution  in  the  whey.  Cheese  contains  also 
inorganic  matter  and  a  variable  proportion  of  fat.  A  large 
proportion  of  fat  imparts  richness  to  cheese,  the  richest 
cheeses,  such  as  Stilton,  being  made  from  milk  with  added 
cream.  There  are  also  cheeses  made  from  ordinary  milk, 
or  "  whole  milk  "  cheeses,  and  cheaper  kinds  made  from 
skim  milk.  In  these  diflferent  varieties  the  proportion  of 
fat  varies  from  20  to  more  than  40  per  cent.,  the  propor- 
tions of  caseine  and  of  water  having  about  the  same  range. 
It  sometimes  happens  that  margarine  fats  are  used  in 
making  cheese,  as  an  economical  method  of  imparting 
"  richness."  The  detection  of  the  fraud  may  be  made  by 
separating  the  fat  and  subjecting  it  to  the  same  tests  as  in 
the-  analysis  of  margarine. 


ON   THE   FERTILIZATION   OF   TWO   COMMON 
BRITISH   ORCHIDS. 

By  -J.  Pentlaxd  Siiith,  M.A.,  B.Sc,  &c..  Lecturer  on 
Botany,  Horticultural  College,  Swanley. 

FOE  some  years  Orchids  have  been  in  high  favour 
with  iiorists  and  that  section  of  the  flower-loving 
public  who  can  indulge  in  the  luxury  of  a  hot- 
house. Most  of  the  quauit  and  beautiful  specimens 
one  sees  have  their  home  in  the  tropics,  and  are 
epiphytes  (that  is,  they  obtain  the  whole  of  their  food  from 
the  au-).  We  will  content  ourselves  with  the  examination 
of  two  plebeian  members  of  the  family  that  are  to  be  found 
in  plenty  in  England,  and  are  of  terrestrial  growth.  They 
are  quite  as  interesting  as  their  exotic  brethren.  The 
first  of  these,  the  early  purple  Orchis  (Orchis  inuscida), 
a  month  ago  was  flowering  in  our  woods.  The  first 
thing  that  strikes  the  casual  observer  on  examining  these 
Orchid  flowers  is  the  curious  shapes  they  assume,  a  cir- 
cumstance that  has  led  to  the  application  to  them  of  such 
names  as  Butterfly  Orchid,  Frog  Orchid,  and  Bee  Orchid, 
these  names  indicating  their  supposed  resemblances  to  h%ang 
creatures.  The  appearance  of  the  early  purple  Orchis  is 
no  less  striking.  This  name  has  been  applied  to  it  on 
account  of  the  reddish-purple  flowers  that  make  their  first 
appearance  during  the  month  of  April.  It  continues 
flowering  until  July,  its  flowers  ai-e  grouped  in  spikes,  and 
are  occasionally  almost  white.  They  arise  fi-om  the  axil 
of  a  coloured  bract. 

In  plants  with  net-veined  fohage  leaves,  the  outer 
covering  of  the  flowei- — the  crily.v — is  composed,  as  a  rule, 
of  green-coloured  modified  leaves  (si-palu).  But  tlie  Orchid 
ranks  amongst  the  ^lonocotyledons — plants  with  parallel 
veined  foliage  leaves,  and  coloured  sepals— which  are  thus 
often  indistinguishable  from  the  inner  whorl  of  enveloping 
organs  (the  jntals).  Fixing  our  attention  on  a  single  flower, 
and  holding  the  spike  so  as  to  bring  the  flower  next  us 
and  the  stalk  or  /i.n'x  from  which  it  springs  away  from  us, 
we  notice  that  one  of  the  throe  sepals  lies  next  the  axis, 
and  is  consequently  further  away  from  the  body  of  the 
spectator  than  the  other  parts  of  the  flower,  and  is 
superior  in  position  to  these  ;  it  is  thus  said  to  be  posterior 
or  superior,  while  the  other  two  are  termed  the  lateral 
sepals.  Alternating  in  position  with  these  organs  are 
three  petals.  Th(i  two  lateral  ones  are  of  small  size  ;  the 
third,  or  odd  one,  is  anterior  or  inferior  in  position,  and 
is  abnormally  developed  into  a  broad,  expanded,  purple- 
spotted  lip,  or  three   lobes.     The  middle  lobe  is  longer 


than  the  others  and  is  notched  at  the  tip.     This  petal  is 
termed  the  lahellum  (Fig.  I.  1).     An  opening  near  its  point 
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Fig.  I. — 1.  Semi-diagi'ammatie  riew  of  the  flower  of  OrchU 
maculata,  magnified  (which  agrees  practically  in  sti-ucture  and  in 
method  of  fertilization  mth  Orchis  mascula).  The  ovarv  is  made  to 
shine  through  the  bract ;  the  labellum  is  cut  through  the  middle,  and 
the  left  anther-lobe  is  also  seen  m  section.  The  left  petal  is 
removed. 

2.  Front  view  of  stamen  and  rostellimi. 

3.  Group  of  pollen-masses. 

of  origin  leads  into  the  canal  of  a  stout  pouch  or  spur, 
with  which  it  is  furnished.  Situated  opposite  the  posterior 
sepal  there  is  a  shield- shaped  body,  at  whose  base  is  a 
small  bulbous  swelling,  the  rostelluiK  (Fig.  I.,  1,  2).  The 
latter  more  or  less  obstructs  the  entrance  to  the  pouch  of 
the  labellum  which  it  overhangs.  The  sides  of  the  shield 
are  swollen;  the  swollen  portions  (Fig.  I.,  2)  narrow  as 
they  approach  the  rosteUum,  and  each  one  is  slit  from  top 
to  bottom.  A  closer  examination  of  these  will  amply 
repay  us  for  the  time  so  spent.  First,  then,  we  will  take 
a  fully-expanded  flower,  and  insert  the  end  of  a  well- 
sharpened  lead-pencil  into  the  spur  of  the  anterior  petal. 
If  withdrawn  immediately,  two  small  Indian  club-shaped 
bodies  (Fig.  I.,  1)  will  probably  be  found  adhering  to  it. 
We  say  "  probably,"  because  these  bodies  may  have  been 
removed  already.  They  are  simply  masses  of  poUen 
(Fig.  I.,  3)  held  together  by  elastic  threads.  The  union 
of  the  threads  forms  the  handle  of  the  club,  and  is  called 
the  raiiiliil:'  or  little  stalk  ;  the  caudicle  rests  on  a  smaU 
plate  of  tissue  termed  the  dixf.  The  whole  structure  is 
called  a  imllinium.  Further  examination  of  the  swellings 
of  the  shield  shows  that  their  cavities  are  now  empty  ;  the 
poUinia  formerly  occupied  them. 

In  an  ordinary  flower,  the  pollen  grains  are  contained 
in  two  lobes  at  the  summit  of  the  stamens,  caUed  the 
anther-lobes.  Wlien  these  open  the  pollen  grains  fall  out 
as  a  fine  powder,  as  they  are  more  or  less  free  from  one 
another,  but  in  Orchids  the  contents  of  each  anther  ai-e 
shed  en  nwsxc  in  tlie  shape  of  the  pollinia  described  above. 
Each  swelling  of  the  shield  is  thus  an  anther-lobe,  and  the 
whole  shield  is  a  xUaiien.  The  tissue  between  the  lobes  is 
the  connective,  the  upper  portion  of  the  stalk  or  filament 
of  tlie  stamen.  The  great  separation  of  the  lobes  from 
one  another  is  not  unique.     It  is  frequent  in  other  kinds 
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of  flowers — !■.//.,  lU'rhfiis  ruJiinris,  the  Barberry  ;  Suli-ia,  the 
Sage. 

The  little  discs  to  which  the  caudicles  are  attached 
are  sticky  on  the  under  surface.  The  viscid  material 
enables  them  to  adhere  to  the  proboscis  or  head  of  any 
insect  with  which  they  come  iu  contact.  The  filament  of 
the  stamen  has  not  yet  been  seen  by  us — in  fact,  search  for 
it  would  be  in  vain,  as  it  has  united  with  the  pistillate  or 
female  portion  of  the  flower  to  form  the  column.  It  is 
evident,  then,  that  only  one  stamen  is  jjresent  in  the 
flower.  A  vertical  section  through  the  rostellum  of 
another  flower  which  has  not  been  robbed  of  its  pollinia 
reveals  the  source  of  the  \ascid  material  of  the  disc,  and 
also  of  the  disss  themselves,  for  the  rostellum  is  a  thin 
membrane  (Fig.  I.,  1  »(.)  whose  interior  is  lined  with  a 
graniflar  fluid  (Fig.  I.,  1  ;/.)  that  surrounds  two  balls  of 
viscid  matter,  only  one  of  which  is  seen  in  Fig.  I.,  1. 
Each  ball  is  attached  to  a  circular  piece  of  thin  membrane, 
thinner  than  the  rest  of  the  membrane  of  the  rostellum, 
but  confluent  with  it.  As  is  endent  from  the  figui-e,  the 
discs  are  develo^jed  towards  the  back  of  the  flower  and  the 
pollinium  assumes  a  curved  position  in  its  case. 

Situated  beneath  the  rostellum  are  two  protruding 
sticky  patches  almost  imited  to  one  another.  They  are 
the  stigmatic  surfaces  (Fig.  I.,  1 ).  The  flower  is  supported 
on  a  thick  twisted  stalk.  Fig.  III.,  4,  is  a  section  of  the 
similar  stalk  of  Habeuaria,  the  Orchid  we  are  next  to 
consider.  It  is  Uned  with  three  longitudinal  rows  of 
ovules,  and  so  it  is  the  ovary  of  the  flower.  It  is  important 
to  note  that  it  is  twisted.  The  style  (that  portion  of  the 
pistil  that  is  generally  elongated  and  bears  the  stigma  on 
its  summit)  is  here  very  short,  forming  part  of  the  column, 
as  already  noted. 

A  wonderful  mechanism  comes  into  play  in  connection 
with  the  removal  of  the  viscid  discs.  Whenever  an  insect 
touches  the  rostellum,  the  delicate  membrane  ruptures 
before  and  behind,  so  as  to  leave  the  discs  free.  At  the 
same  instant  it  springs  downwards  and  exposes  the  balls 
of  sticky  matter,  which  then  come  in  contact  with  the 
animal's  body.  The  manner  in  which  fertilization  is 
accomplished  is  as  follows  ; — An  insect  alights  on  the 
labellum,  and  in  endeavouring  to  push  its  proboscis  into 
the  nectary  to  obtain  honey,  it  infallibly  knocks  its  head 
against  the  irritable  rostellum.  The  mechanism  already 
described  then  comes  into  action,  and  the  insect  leaves 
the  flower  with  one  or  both  j)ollinia  firmly  affixed  to  its 
head.  It  may  repeat  the  process  on  other  flowers  of  the 
same  spike,  so  that  when  it  flies  ofl'  from  it  many  pollinia 
may  be  attached  to  its  body.  Darwin,  to  whom  we  are 
chiefly  indebted  for  our  knowledge  of  the  processes  of 
Orchid  pollination,  says  that  he  foimd  ten  to  sixteen 
pollinia  attached  to  the  bodies  of  live  bees  that  had  been 
visiting  an  ally,  Orchis  morio. 

Bees  only  spend  three  or  four  seconds  on  each  flower ; 
hence  it  is  evident  that  the  sticky  material  of  the  discs 
cannot  take  long  to  harden,  and  this  is  so.  It  is  also 
quite  apparent  that  unless  the  polhnia  changed  their 
position  on  the  insect's  head  that  insertion  of  the  proboscis 
into  the  nectary  of  another  flower  would  simply  lodge  the 
pollinia  relatively  in  their  old  position.  To  prevent  this, 
a  marvellous  contrivance  is  exidbited.  The  small  viscid 
disc  has  such  power  of  contraction  that  it  causes  the 
pollinium  to  move  in  a  forward  direction  through  an  angle 
of  90°,  thus  bringing  it  into  a  position  that  ensures  its 
impinging  on  the  stigma  of  another  flower  visited  by  the 
bee.  It  must  be  imderstood  that  the  discs  are  firmly 
fastened  to  the  insect's  head.  Were  it  not  so,  in  moving, 
they  might  assume  a  lateral  du-ection,  which  would  prevent 
them  performing  the  act  of  poUiuation.     The  cement  sets 


hard,  according  to  Miiller,  in  from  three  to  five  seconds 
when  exposed  to  the  air,  and  this  is  the  time  occupied  by 
the  bee  in  visiting  a  single  flower.  About  forty  seconds,  as 
a  rule,  elapse  before  the  pollinia  bend  forward.  A  bee,  as  a 
rule,  spends  twenty-five  seconds  on  a  single  spike ;  thus, 
fertilization  -vdih  pollen  from  the  same  inflorescence  is 
obviated.  The  time  occupied  in  flying  to  another  spike 
gives  the  pollinia  the  opportunity  of  assuming  the  position 
requisite  for  the  performance  of  the  act  of  poUmatiou. 

It  frequently  happens  that  only  one  pollinium  is  removed 
at  a  time  ;  hence,  imless  some  special  contrivance  were  pro- 
vided, the  other  pollmium  woifld  be  useless  owing  to  the 
exposure  of  its  cement  to  the  air  by  the  lowering  of  the 
membrane  of  the  rostellum.  This  is  obviated  by  the  power 
inherent  iu  this  membrane  of  springing  back  to  its  place 
immediately  a  pollinium  has  been  removed. 

Miiller  records  an  interesting  study  he  made  of  the  cross- 
fertilization  of  this  Orchid.  "  On  May  6th,  1869,  I  and 
my  son  Hermann  at  length  succeeded  in  observing  humble- 
bees  fertilizing  the  flowers  of  Orchis  upon  Stromberg  HUl. 
As  we  lay  upon  the  turf,  which  was  overgrown  with  ihchis 
mustula,  we  saw  a  humble-bee  (apparently  IJuml/Ms  teinKtris) 
alight,  close  beside  us,  on  the  base  of  a  spike  of  that  plant. 
It  thrust  its  head  into  a  flower,  and  drew  it  out,  after  about 
four  seconds,  with  the  pollinia  attached  to  it.  It  repeated 
the  same  operation  on  two  more  flowers.  After  withdi-aw- 
ing  its  head  fi'om  the  third,  it  paused,  and  tried  without 
success  to  free  itself  from  the  pollinia,  which  were  cemented 
firmly  to  the  front  of  the  head.  Clirabhng  a  little  fiu-ther 
up  the  spike,  it  thrust  its  head  into  a  fourth  flower.  .  .  . 
Of  ninetj^-seven  humble-bees  which  we  caught  on  that 
day  on  Stromberg  Hill,  thirty-two  bore  pollen-masses  of 
Orchids." 

Although  one  repeatedly  examines  the  nectaries  of  Onhis 
vuixcula,  one  always  finds  them  destitute  of  nectar.  This 
was  a  puzzling  circumstance  to  Darwin.  He  could  not 
account  for  the  continued  nsits  of  insects  to  these  flowers 
unless  by  the  fact  that  they  themselves  benefited  by  it. 
In  fact,  so  strongly  convinced  was  Sprengel  that  no  nectar 
was  produced  under  any  circumstance,  that  he  called  them 
sham-nectaries.  Darwin,  however,  could  not  believe  that 
insects  would  allow  themselves  to  be  so  systematically 
duped.  But  not  a  drop  of  nectar  was  revealed  even  by 
microscopic  examination.  At  last  he  found  a  clue.  The 
spur  of  the  labellum  has  a  comparatively  thick  wall,  and 
its  inner  membrane  is  dehcate  ;  moreover,  the  juicy  natm-e 
of  its  contents  is  very  evident.  In  Habenaria  there  is  a 
copious  supply  of  nectar,  and  the  wall  of  the  spur  is 
thin.  Darwin  observed  that  bees  which  visited  the  ilowers 
of  On-hix  morio  "remained  for  some  time  with  their 
proboscides  inserted  into  the  diy  nectaries,  and  (he) 
distinctly  saw  this  organ  in  constant  movement.  (He) 
observed  the  same  fact  with  Empis  in  the  case  of  Orchis 
mueulata,  and  on  afterwards  opening  several  of  the 
nectaries  (he)  occasionally  detected  minute  brown  specks, 
due  as  (he)  believed  to  the  punctures  made  some  time 
before  by  these  flies."  This  then  is  the  solution  of  the 
problem — the  insect  bites  with  its  mandibles  the  fine 
inner  membrane  of  the  wall  of  the  spur,  and  sucks  out 
with  its  proboscis  the  fluid  contained  therein. 

It  will  be  remembered  that  the  pollinia  cannot  be 
afiSxed  to  the  head  of  the  insect  visitor  imless  the  cement 
of  the  disc  has  hardened.  This  requires  about  three  or 
four  seconds,  the  time  spent  by  the  insect  in  piercing  the 
waU  of  the  nectary.  We  see  then  how  beautifully,  even 
to  the  minutest  detail,  this  flower  has  been  modified  in 
order  to  ensure  its  cross-fertihzation. 

For  its  intrinsic  interest  and  as  afl'ording  a  contrast 
to  the  preceding,  we  will  examine  the  structm-e  and  mode 
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It  derives  its  nourishment  wholly  from  the  air. 


This  epiphytic  Orchid  is  a  native  of  La  Guayra,  on  the  coast  of  Venezuela. 

clmging  to   other  objects   merely  for  support.       The   flovrers  are  very  large  and   fragrant.       The  photograph  is  on  hall 
the  scale  of  Nature. 
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of  fertilization  of  Hahemaia  chlorantha,  the  Butterfly 
Orchis.  It  is  quite  a  common  form,  flowering  during 
June  and  July  in  meadows  and  on  heaths.  It  is  noted 
for  its  fragrance  and  for  its  pure  white,  but  generally 
greenish-yellow  flower  {■x^-mpoi,  green,  and  avSos,  a  flower). 
The  spur  is  very  long,  at  least  twice  the  length  of  the 
ovary.  The  labellum  is  strap-shaped ;  hence  the  name 
Hnlicnariii  (ltah<na,  a  thong)  according  to  some  authors, 
although  Hool?er  says  the  etymology  is  doubtful. 

The  connective  is  largely  developed,  so  that  the  two 
anther-lobes  are  very  much  separated,  especially  at  the 
base  (Fig.  II.).  The  discs  of  the  poUinia  are  thus  far 
apart.  The  viscid  matter  is  not  enclosed  in  a  pouch  as  in 
Orvhu  mascula,  but  is  free  on  the  under  surface  of  the 
discs  which  face  one  another  (Fig.  11.  </.).  These  occupy  a 
position  anterior  to  the  two  united  stigmas  situated  beneath 
(Fig.  II.).      Another  curious  arrangement  is    seen    here. 
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Instead  of  the  caudicle  being  attached  at  once  to  the  disc, 
it  is  hinged  to  a  small  process  that  arises  perpendicularly 
from  the  upper  surface  of  that  organ,  and  is  called  the 
jx'dirct.  The  pollinia  lie  far  back  in  their  cells,  so  that 
the  caudicles  are  slightly  bent.  In  their  natural  position 
each  caudicle  is  at  right  angles  to  the  pedicel,  and  con- 
sequently parallel  to  the  viscid  disc  (Fig.  III.,  1,  2).  The 
nectary  is  generally  two-thirds  full  of  nectar,  and  so  is 
visited  frequently  by  insects.     The  fragrance  of  the  flowers. 
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and  their  light  colouration,  admirably  fit  them  for  the 
\'isits  of  insects  that  fly  by  night.  These  are  in  this  case 
moths.  It  frequently  happens  that,  on  accovmt  of  the 
distance  between  the  discs,  only  one  poUinium  is  removed 
at  a  time.  They  are  often  found  adhering  to  the  eye  of 
the  insect.  The  \-iscid  matter  does  not  set  hard'  im- 
mediately, but  is  of  such  a  nature  as  to  fix  the  poUinia 
firmly  to  the  head  of  the  intruder  without  setting. 

It  is  clear  that  unless  some  movement  of  the  poUinia 
takes  place  after  their  fixation  to  the  insect's  head,  that 
fertilization  will  not  be  eftected.  The  pecUcel  performs 
the  needful  act.  It  contracts  along  one  side,  and  at  the 
same  time  moves  through  an  angle  of  nearlj'  90^,  dragging 
the  pollinia  inwards  and  downwards,  and  in  the  exact 
position  to  strike  against  the  stigma  when  next  an  insect 
visits  a  flower  of  the  same  sijecies. 

As  the  viscid  material  does  not  require  to  be  set  hard, 
but  performs  its  office  immediately,  there  is  no  puncturing 
of  a  nectary  required  to  detain  an  insect ;  instead,  there 
is  a  free  supply  of  nectar. 

The  structure  of  the  Orchid  flower  is  quite  anomalous, 
but  it  can  be  reduced  to  the  normal  type,  though  it  requu-ed 
the  genius  of  Darwin  to  work  it  out.  The  parts  of  a 
flower  are  generally  developed  in  whorls,  and  the  members 
of  one  whorl  alternate,  as  a  rule,  with  those  of  the  adjacent 
whorls.  Exceptions  to  this  rule  can  generally  be  ac- 
counted for  by  displacements  that  have  occurred  during 
the  development  of  the  floral  parts.  The  significance  of 
the  organs  of  the  Orchid  are  more  difficult  to  determine. 
Darwin  accomplished  the  task  by  counting  the  groups  of 
bundles  of  spiral  vessels  that  proceeded  from  the  ovary. 
These  are  in  part  the  constituents  of  the  veim  of  a  leaf. 
Their  presence  would  denote  the  presence  of  a  leaf  or 
modified  leaf  at  an  early  stage  in  the  development  of  the 
flower,  as  they  are  generally  the  first  diSerentiation  exhi- 
bited in  the  tissues  of  a  growing  mass  of  cells  of  a  higher 
plant. 

Fig.  IV.  is  the  result  of  his  labours  in  this  direction. 
In    Orchis    ituiscula   and    Hahenaria  ^ 

rlilomnthi,  and  in  all  Orchids,  with 
the  exception  of  the   Cupiijicdinnis, 
there  is  only  one  fertile  stamen — 
the  posterior  one  of  the  outer  whorl. 
The    other   two   belonging   to    this 
whorl  have    become  united   to   the 
anterior  petal  to  form  the  labellum. 
Of  the  three  stamens  of  the  inner 
whorl  none  are  represented  in  the 
Orchids  whose  fertilization  we  have 
described.     In  Cypripcdiinii  the  two 
lateral  stamens  of  the  inner  whorl 
are  the  fertile  ones,  while  the  pos- 
terior stamen    of  the    outer 
whorl   forms    a    large    head 
which  projects   above  them. 
When  the  third    stamen    of 
the  inner  whorl  is  present,  it 
unites  with  the  anterior  por- 
tion of  the    colunm,  and  so 
acts  as  a  support. 

There  are  three  stigmas  cor- 
responding to  the  three  groups 
of  ovules  in  the  ovary.  But 
only  two  of  the  stigmas  act  as 
sucli ;  the  posterior  one  is 
modified  to  form  the  rostellum, 
whose  viscid  matter  has  been 

formed  in  the  colls  of  which  it  was  originally  com- 
posed, and  which  have  afterwards  broken  down. 


Fig.  IV.  —  Ground 
plan  of  typical  Orchid 
flower.  1,  2.  3,  sepals, 
1  is  the  ]>ost(>rior  sepi\l ; 
1',  2',  3',  petals.  I'  is  the 
anterior  petal ;  A,  B,  C, 
out<'r  whorl  of  stamens. 
B  and  C  are  united  to 
the  anterior  petal  and  so 
help  to  fonu  the  label- 
hun  ;  -V  is  the  fertile 
stamen  in  all  Orchids 
with  the  exception  of 
Ciipripedium  ;  D,  E,  F, 
stamens  of  inner  whorl, 
none  of  which  arc  pi-e- 
sent  in  Orciis  masriila 
and  Hohpuaria  chlor- 
antha— in  Ctfpripedium 
D  and  E  are  the  fertile 
st^uncns  ;  1",  2",  3", 
stigmas;  1"  is  modified  to 
form  the  ro.*tcHum, 
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Anothei-  point  of  interest  remains  to  be  noted  in  regard  to 
the  position  of  the  floral  parts.  The  ovary  is  twisted  in 
such  a  way  as  to  cause  the  truly  anterior  portions  of  the 
flower  to  hold  a  posterior  position  and  rhr  n-rxu,  but  in  the 
foregoing  description,  and  in  Fig.  IV.,  no  account  has  been 
taken  of  this.  The  labellum,  for  instance,  has  been  spoken 
of  as  the  anterior  petal  and  two  anterior  stamens  of  the 
outer  whorl  united,  whereas  the  adjective  posterior  would 
be  the  correct  one  to  use. 


SWIMMING  ANIMALS. 

By  E.  Lydekker,  B.A.,  Cantab. 

IN  our  last  article  we  discussed  the  various  structural 
modifications  by  means  of  which  the  members  of 
difierent  groups  of  animals  are  enabled  to  fly,  or,  in 
other  words,  to  swim  in  the  aerial  ocean.  From  the 
observations  recorded  there,  it  is  evident  that  all  the 
creatures  adapted  for  this  peculiar  mode  of  life  have  been 
specially  modified  for  that  purpose ;  flight  thus  always 
being  a  power-which  has  been  specially  acquired,  and  not 
one  which  was  an  original  attribute  of  any  group  of 
animals. 

It  is  our  purpose  in  the  present  essay  to  notice  in  a 
somewhat  similar  manner  the  various  adaptations  of  the 
structure  of  certain  animals  whereby  they  are  enabled  to 
swim  in  the  denser  medium  of  water.  And  here  we  shall 
find  that  w^hile  there  is  conclusive  evidence  to  show  that 
in  many  instances  this  power  is  an  acquired  one,  yet  there 
are  others  which  lead  to  the  belief  that  in  certain  groups 
it  is  a  primitive  fimction.  Some  clue  as  to  the  groups  in 
which  this  power  of  swimming  is  an  acquired  one,  and 
those  in  which  it  is  a  primitive  one,  is  afforded  by  the 
different  modes  in  which  aquatic  animals  breathe.  Thus 
in  fishes  the  air  necessary  to  oxygenate  the  blood  is 
obtained  from  that  dissolved  in  the  water  itself  by  its 
constant  passage  over  those  pecuUar  comb-like  organs, 
highly  charged  with  blood,  known  as  giUs  ;  such  animals 
having,  therefore,  no  occasion  to  come  to  the  surface  of 
the  water  to  breathe.     In  other  animals,  however,  such  as 


Fig.  1. — The  Common-  Gkampis,  ok  Kii.i.eb  Whale. 


Whales  and  Grampus  (Fig.  1),  atmospheric  air  is  breathed 
directly  by  means  of  lungs,  necessitating  visits  at  longer 
or  shorter  intervals  to  the  surface,  and  it  is  in  such 
instances  that  we  may  safely  infer  that  the  adaptation 
to  an  aquatic  life  has  been  gradually  developed  from 
ancestors  whose  normal  habits  were  terrestrial,  since 
otherwise  the  gills  would  never  have  been  lost.  That 
animals  whose  original  mode  of  life  was  a  purely  aquatic 
one  have  tended  in  some  cases  to  assume  a  terrestrial 
existence  is  proved  by  the  case  of  the  Common  Frog, 
which  commences  life  as  a  giU-breathing,  swimming 
creature,  which  is  to  all  intents  and  purposes  a  fish,  and 
ends  by  being  an  air-breathing  reptile,  as  much  at  home 
on  land  as  in  the  water,  although  retaining  the  power  of 
swimming.  On  the  other  hand,  the  Seals  and  Otters  show 
us  how  an  originally  terrestrial  type  of  animal  has  become 
adapted  to  pass  a  large  part  of  its  time  in  the  water,  which 
has  become  its  natural  element. 

The  tei-m  "  Swimming  Animals  "  is,  of  course,  a  very 
wide  one,  since  a  considerable  proportion  of  animals  whose 
nonnal  habits  are  teiTestrial  can,  on  occasion,  swim  with 
more  or  less  facility.  Our  appUcation  of  the  term  will, 
however,  in  the  main  be  restricted  to  those  creatures 
which  pass  a  considerable  amount,  or  the  whole  of  their 
time  in  the  water,  and  which  have  accordingly  been  more 
or  less  specially  modified  for  that  kind  of  life.  Again,  in 
many  groups  of  purely  aquatic  animals,  it  is  sometimes 
difficult  to  say  which  are  ti-ue  swimmers ;  a  certain 
I  number  leading  an  active  life  when  young,  and  becoming 
more  or  less  complete  tixtiu'es  in  adult  life.  We  shall 
'  commence  our  survey  with  the  Invertebrate  Animals, 
treating  them,  however,  in  a  somewhat  briefer  manner 
than  the  Vertebrates,  and  alluding  only  to  some  of  the  more 
striking  adaptations  of  certain  parts  of  the  body  for  the 
piurpose  of  swimming. 

All  are  familiar  vdih  those  disc-like  masses  of  pellucid 
gelatinous  matter  so  often  thrown  up  on  our  sea-beaches, 
and  popularly  known  as  .JeUy-Fishes  ;  but  to  see  them  in 
their  full  beauty  we  should  look  down  from  the  bowsof  a  large 
vessel  traversing  the  warmer  oceans.  There  they  may  be  seen 
in  countless  multitudes,  extending  as  far  down  in  the  water 

as  the  eye  can 
penetrate,  and  by 
dayhght  present- 
ing various  tints 
.^>  of  pink  and  pur- 

-    .-.--.  pie,  while  by  night 

they  are  often 
p  ho  s  p  bore  s  cent. 
These  Medusas,  as 
they  are  techni- 
cally called,  are  ge- 
latinous creatures 
shaped  somewhat 
like  an  umbrella, 
the  "  handle  " 
being  formed  by  a 
mass  of  thick  ten- 
tacles hanging 
down  in  the  water. 
They  swim  by  the 
alternate  contrac- 
tion and  expan- 
sion of  the  "  um- 
breUa"  or  beU,  the 
diameter  of  wftiich 
may  considerably 
exceed  a  foot. 
Medusse 
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to  that  great  group  of  animals  known  as  Zoophytes,  which 
iuchides  the  Polypes,  Sea-Anemones,  and  Corals.  They 
afford  an  example  of  the  so-called  "  alternation  of  genera- 
tions " ;  being  themselves  developed  by  the  division  of  a 
fixed  polype  into  a  number  of  saucer-like  sections,  which 
become  free  and  swim  away,  and  in  turn  lay  eggs,  again 
developing  into  fixed  Polypes,  like  the  original  parent. 

Our  next  illustration  is  taken  from  the  Crustaceans,  in 
which  the  Lobsters  and  some  of  the  Crabs  are  expert 
swimmers.  In  the  Lobster  and  Cray-Fishes,  where  the  tail 
is  long,  and  furnished  with  five  hinged  and  paddle-like 
plates,  the  most  rapid  motions  in  the  water  are  effected  by 
suddenly  bending  the  tail  beneath  the  body,  and  thus 
dri^'ing  the  creature  forcibly  backwards  by  the  recoU 
of  the  water.  Prawns  and  Shrimps  have  a  similar  mode 
of  swimming  ;  but  those  Crabs  which,  like  the  "  Fiddlers," 
are  free  swimmers  have  the  terminal  joints  of  the  fifth 
pair  of  legs  (and  sometimes  also  those  of  the  three  next 
pairs)  developed  into  flat  paddles  fringed  with  hairs. 
These  claws  are  thus  quite  diflerent  from  the  pointed  claws 
of  the  common  Shore-Crab.  Since  Crabs  and  Lobsters 
breathe  by  means  of  gills,  they  may  be  safely  regarded  as 
primitive  swimmers  ;  those  species  which,  like  the  Land- 
Crab,  are  terrestrial  having  acquired  this  habit,  and  thus 
having  to  put  up  with  the  inconvenience  of  keeping  their 
gills  constantly  moist.  We  cannot  take  leave  of  the  Crus- 
taceans without  mentioning  the  Barnacles,  as  represented 
by  the  common  Acorn -Barnacle  covering  the  rocks  on  our 
coasts,  and  the  Stalked-Barnacle  which  is  more  commonly 
found  on  the  bottoms  of  ships.  In  their  young  state  these 
curious  creatures  are  free-swimming  Crustaceans,  but  after 
a  time,  becoming  tired  of  a  roving  life,  fix  themselves  on 
their  backs  by  the  front  of  their  heads  to  some  solid  object, 
and  then  develop  their  well-known  shells  ;  the  feather-like 
fan  which  protrudes  from  the  aperture  of  these  shells  being 
the  greatly  modified  legs,  now  acting  as  feelers  for  the 
purpose  of  capturing  food.  What  induced  the  strange 
belief  that  the  Stalked-Barnacles  underwent  a  further 
metamorphosis  to  appear  as  Beruacle-Geese,  passes 
ordinary  comprehension. 

Passing  on  to  the  Arachnids  (Spiders  and  Scorpions) 
and  Insects,  we  find  that  these  creatures,  whether  aquatic 
or  terrestrial,  breathe  atmospheric  air  by  means  of  a 
system  of  tubes  known  as  tracheal  and  we  are  accordingly 
led  to  conclude  that  such  of  them  as  are  adapted  to  an 
aquatic  life  have  acquired  this  habit.  This  is  especially 
well  shown  by  the  instance  of  the  Water-Spider,  which, 
while  agreeing  in  structure  with  other  spiders,  has  the 
limbs  fringed  and  somewhat  flattened  for  swimming,  and 
is  in  the  habit,  when  diving  in  the  water,  of  carrying 
down  with  it  a  bubble  of  air  clinging  to  the  hairs  of  the 
abdomen. 

Among  the  Insects,  the  larvae  of  many  groups  in  which 
the  perfect  animals  inhabit  the  air,  such  as  the  Dragon- 
Flies,  May-Flies,  and  Gnats,  are  aquatic.  Whereas, 
however,  the  larvie  of  the  two  former  groups  are  not 
swimmers,  and,  therefore,  do  not  come  witliin  the  scope  of 
the  present  article,  those  of  the  Cmats  are  endowed  in 
great  perfection  with  the  power  of  swimming.  With  their 
large  heads  and  their  tapering  bodies,  these  ugly  larva'  are 
probably  famiUar  to  most  of  us,  swimming  about  in  ponds 
and  tanks  with  great  agility  by  a  sudden  jerking  motion 
of  the  body,  or  at  intervals  suspending  themselves  head 
downwards  at  the  surface  of  the  water  for  the  purpose  of 
breathing  through  a  tube  situated  in  the  tail.  Other 
insects  are  aquatic  in  the  adult  state.  Some  of  the 
commonest  British  examples  are  the  Water- Scorpion 
(.Yc/xi)  and  Water-Boatman  {Xotonecta),  both  belonging 
to  the  order  Ehynehota.     These  swim  by  means  of  the 


hind  legs,  which  are,  however,  scarcely  fringed  in  the 
former,  although  markedly  so  in  the  latter.  The  Water- 
Scorpion  has  two  tail-like  organs  at  the  end  of  the  body, 
which,  when  put  in  opposition,  form  a  tube  through  which 
the  creature  can  breathe  without  coming  quite  to  the 
surface.  The  Water-Boatman,  as  its  scientific  name 
implies,  has  the  curious  habit  of  swimming  on  its  back  ; 
when  at  rest  for  the  purpose  of  taking  in  a  fresh  supply  of 
air  the  long  hind  legs  are  extended  nearly  at  right  angles 
to  the  body,  and  thus  recall  a  boatman  resting  on  his 
oars.       * 

The  remaining  aquatic  insects  are  the  Water- Beetles 
(Coleoptera),  of  which  there  are  several  families,  in  all  of 
which  both  the  larvfe  and  adults  are  aquatic,  although  the 
pup;E  are  quiescent  and  lie  hidden  in  holes  in  the  ground. 
The  Water-Beetles  are  easily  recognized  by  their  oval,  fiat, 
and  boat-like  form ;  some  of  the  species  attaining  a  large 
size.  Most  of  them  swim  entirely  by  the  aid  of  their  hind 
legs,  which  are  greatly  enlarged,  flattened,  and  fringed.  In 
the  curious  little  "  Whirligig  "  Beetles  {(Ti/rinus),  which 
are  so  often  seen  performing  their  mazy  evolutions  on  the 
surfaces  of  ponds  and  rivers,  the  reverse  of  this  arrangement 
obtains,  the  front  pair  of  legs  being  enormously  elongated, 
and  the  second  and  third  ]3airs  very  short  and  paddle-like. 
The  forward  motion  of  these  beetles  is  produced  by  these 
short  paddles,  while  the  curves  are  formed  by  the  long  fore 
limbs,  which  are  darted  out  first  from  one  side  and  then 
from  the  other,  so  as  to  change  the  direction  of  the  body. 

The  last  Invertebrate  group  we  have  to  mention  is  the 
large  one  of  the  Molluscs,  or  Shell-fish.  Here  by  far  the 
greater  number  of  species  are  aquatic,  and  breathe  by  gills, 
so  that  we  may  regard  those  which  are  swimmers  as  being 
primitively  so.  Although  the  adults  of  the  Bivalve  Mol- 
luscs are  either  fixed  to  some  solid  substance  (Oysters),  or 
are  merely  capable  of  leaping  or  turning  (Cockles  and 
Fan-shells),  yet  in  their  young  state  aU  these  JIoUuscs 
are  free  swimmers,  young  oysters  being  pronded  with 
swimming  organs  composed  of  delicate  hairs.  It  thus 
seems  probable  that  these  locomotive  habits  have  been 
transmitted  to  the  young  bivalves  fi-om  originally  free- 
swimming  ancestors. 

The  ordinary  Sea  Snails  (Gastropods),  in  which  the 
adult  creeps  on  solid  surfaces  by  means  of  its  greatly 
expanded  "  foot,"  are  also  free  swimmers  when  first 
hatched,  the  swimming  being  efi'ected  by  means  of 
vigorous  flappings  of  a  pair  of  fins  attached  near  the 
head.  A  similar  structure  and  habits  have  been  retained 
in  the  adult  by  the  Pteropods,  those  small  translucent 
Molluscs,  of  pelagic  habits,  which  are  so  abundant  in  some 
of  the  northern  seas,  and  afford  a  considerable  proportion 
of  the  food  of  certain  species  of  whales.  A  well-known 
writer  states  that  •'  Multitudes  of  these  little  things  may 
now  and  then  be  seen  on  the  surface  of  the  water,  flutter- 
ing with  their  wiugs  and  glittering  in  the  sunshine,  to  be 
compared  with  nothing  more  aptly  than  a  congregation  of 
the  more  dressy  of  the  Bombyx  Moths." 

Although  not  a  true  swimmer,  the  weU-known  Violet 
Snail  ([(uitliiiiii)  is  able  to  float  on  the  surface  of  the  ocean, 
either  by  expandmg  its  "  foot,"  or  by  developing  at  certain 
seasons  a  peculiar  membranous  raft-like  structure,  the  cells 
of  which  are  filled  with  air,  and  beneath  which  the  eggs 
are  carried. 

A  totally  difi'erent  mode  of  progression  through  the 
water  is  adopted  by  that  group  of  Molluscs  technically 
known  as  Ceplialopods,  in  which  the  head  is  surroimded  by 
a  circle  of  long  prehensile  arms,  provided  with  adhesive 
suckers.  This  group  comprises  the  existing  Cuttle  Fishe.s, 
Squids,  Argonauts,  and  Nautili,  as  well  as  the  extinct 
Ammonites  (Fig.  2),  and  a  host  of  other  fossil  forms.     In 
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Fig.  2. — Shell  or  Ammo.vite, 


the  free  swimming  forms, 
locomotion  is  effected  by  the 
forcible  expulsion  of  a  jet  of 
water  from  a  funnel  situated 
near  the  head,  and  directed 
forwards,  the  result  of  which 
is  to  propel  the  animal  forcibly 
backwards.  Minor  aid  in 
swimmmg  is  afforded  either 
by  expansions  of  the  skin  on 
the  sides  of  the  body,  or  by 
distinct  fins  near  the  tail ; 
while  many  of  these  creatures 
aid  their  escape  from  foes  by 
the  sudden  discharge  of  an 
inky  fluid  during  their  back- 
ward course. 

Our  notice  of  Swimming 
Invertebrates  cannot  be  con- 
cluded without  mention  of  those  curious  marine  animals 
known  as  Sea-Squirts,  and  technically  as  Tunicates— a 
group  usually  placed  in  the  neighbourhood  of  the  Molluscs. 
Although  in  the  adult  state  many  of  the  Tunicates  exist  in 
the  form  of  the  bag-like  squirts  with  which  many  of  us  are 
familiar,  yet  all  are  free-swimming  creatures  in  the  young 
condition.  Moreover,  certain  of  them,  like  the  Salp;?, 
are  pelagic  throughout  their  existence  ;  some  of  the  latter 
forming  chains  composed  of  numerous  individuals  attached 
to  one  another.  These  SalpiC-chains  vary  in  length,  from 
a  few  inches  to  several  feet,  and  swim  on  the  ocean  surface 
with  a  serpentine  movement.  The  great  interest  attaching 
to  these  Timicates  is  that  the  yoimg  exhibit  certain 
structures  closely  simulating  the  primitive  condition  of  the 
spinal  column  of  Vertebrates,  and  thus  suggesting  that 
they  are  degraded  tyj^es  allied  to  the  original  stock  from 
which  the  Vertebrates  themselves  are  descended.  This  is 
very  important  as  regards  the  derivation  of  Vertebrates 
from  aquatic  animals ; — an  origin  which  we  should 
naturally  expect,  seeing  that  fishes  breathe  by  means  of 
gills,  and  are,  therefore,  presumed  to  have  had  aquatic 
ancestors. 

[To  he  contimml.) 


ON    THE    SPACE-PENETRATING     POWER     OF 
LARGE   TELESCOPES. 

,  By  A.  C.  Eanyard. 

UNLESS  there  is  some  small  star  or  dimly  shining 
body  with  a  large  parallax  which  has  not  yet 
been  detected,  our  nearest  neighbour  amongst 
the  stars  is  the  double  star  a  Cfntmiri.  It  is 
situated  about  thirty  degrees  from  the  southern 
pole  of  the  heavens,  and  therefore  is  not  visible  in 
England.  The  two  stars  together  shine  with  a  light 
which  is  a  little  greater  than  that  of  a  1st  magnitude 
star,  for  the  larger  of  these  twin  suns  is  ranked  by 
Prof.  Gould  as  being  exactly  of  the  1st  magnitude  of 
the  photometric  scale,  and  the  smaller  star  is  of  the 
3i  magnitude. 

According  to  this  photometric  scale  of  magnitudes,  which 
is  now  universally  used,  a  star  of  the  1st  magnitude  gives 
just  100  times  as  much  light  as  a  star  of  the  6th  magnitude. 
Consequently,  if  the  larger  star  of  the  pair,  which  is  known 
as  a-  Centauri,  were  removed  to  ten  times  its  present 
ilistance,  it  would  appear  as  a  star  of  the  6th  magnitude  ; 
but  this  would  only  be  the  case  if  there  were  no  loss  of 
Ught  in  travellmg  from  its  more  distant  position.     If  there 


were  any  absorption  of  light  in  passing  through  such  a  vast 
distance  of  space,  it  might  appear  smaOer  and  would 
probably  not  be  visible  to  the  naked  eye,  for  few  people  see 
stars  with  their  unaided  eyes  which  are  ranked  as  smaller 
than  the  6th  magnitude.  According  to  the  photometric 
scale,  a  star  of  any  magnitude  gives  about  two  and  a  half 
times  as  much  light  as  a  star  of  the  magnitude  immediately 
below  it.  Thus  a  star  of  the  6th  magnitude  gives  2-512 
times  as  much  light  as  a  star  of  the  7th  magnitude,  and  a 
star  of  the  7th  magnitude  gives  2-512  times  as  much  light 
as  a  star  of  the  Kth  magnitude.  Consequently  a  star  of 
the  6th  magnitude  gives  6-31  times  as  much  light  as  a  star 
of  the  8th  magnitude,  and  15-85  times  as  much  light  as  a 
star  of  the  9th  magnitude,  39-81  times  as  much  light  as  a 
star  of  the  10th  magnitude,  and  100  times  as  much  light 
as  a  star  of  the  11th  magnitude. 

Let  us  suppose  that  a-  Ccntnuri  was  removed  to  100  times 
its  present  distance,  then,  neglecting  the  absorption  of 
light  in  space,  it  would  shine  as  a  star  of  the  11th 
magnitude  of  the  photometric  scale,  and  would  only  just 
be  visible  with  a  telescope  of  two  and  a  half  inches  aper- 
ture. This  calculation  is  based  on  the  assumption  of  Prof. 
C.  A.  Young'-  that,  for  normal  eyes,  with  a  good  telescope, 
the  •minimum  rinhle  for  a  one-inch  aperture  is  a  star 
of  the  9th  magnitude — an  estimate  which  about  cor- 
responds to  what  might  be  expected  fr-om  the  diameter 
of  the  pupil   of  the  eye. 

I  have  measured  the  diameter  of  the  pupils  of  several 
persons  whom  I  believed  to  have  keen  sight,  amongst  others, 
the  observing  eyes  of  the  Eev.  T.  W.  Webb,  Mr.  Burnham, 
and  the  late  Dr.  H.  Draper,  and  have  found  that  about  a 
quarter  of  an  inch  generally  corresponds  to  the  maximum 
dilation  of  the  pupU  in  \'iewing  faint  objects.  A  telescope 
of  one  inch  diameter  would,  consequently,  collect  about 
sixteen  times  as  much  light  as  would  enter  the  pupil  of  the 
unassisted  eye,  and  ought,  mth  a  suitable  eye-piece,  to  show 
stars  gi^"ing  about  Y^th  the  light  of  a  6th  magnitude  star 
just  \-isible  to  the  naked  eye.  As  we  have  seen  above,  a 
6th  magnitude  star  gives  15-85  times  as  much  light  as  a 
0th  magnitude  star  of  the  photometric  scale.  Consequently, 
neglecting  the  absorption  of  hght  by  the  lenses,  and  the 
reflection  from  their  surfaces,  a  one-inch  telescope  ought, 
with  a  suitable  eye-piece  (which  collects  and  sends  into 
the  pupil  of  the  eye  the  whole  of  the  light  from  the 
object-glass),  to  render  stars  of  the  9th  magnitude  just 
visible. 

The  j)ower  used  with  a  telescope  makes  some  difference, 
as  it  increases  the  contrast  between  the  brightness  of  the 
star  and  the  backgroimd  on  which  it  is  seen — the  light  of 
the  background  being  dimmed  by  magnification,  while  the 
star  in  a  good  defining  telescope  is  but  slightly  dimmed  by 
moderate  magnification.  Thus  Dawes  found  that  he  could 
see  a  star  of  the  6th  magnitude  with  a  telescope  having  an 
aperture  of  only  0-15  inches  when  a  power  of  16J-  was 
used.  In  the  case  of  the  one-inch  telescope  above  referred 
to,  the  loss  of  light  by  absorption  and  reflection  at  the 
surfaces  of  the  lenses  seems  to  be  about  balanced  by  the 
increase  of  contrast  with  the  background,  due  to  the 
power  employed. 

Let  us  suppose  that  a-  Centnuri  were  removed  to  a 
thousand  times  its  present  distance,  then,  neglecting  the 
absorption  of  light  in  travelling  through  space,  it  would 
appear  as  a  star  of  the  16th  magnitude,  and  would  only 
just  be  visible  with  a  telescope  of  25-12  inches  aperture, 
and  if  it  were  removed  to  1585-  times  its  present  distance,  it 
would  shine  as  a  star  of  the  17th  magnitude  of  the  photo- 
metric scale,  and  would  only  just  be  visible  in  a  telescope 


See  Prof.  Young's  Text  Book  of  General  Astronomy,  sec.  822. 
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of  39-81  inches  aperture.  That  is,  it  would  not  be  visible 
in  the  great  Lick  36-inch  refractor. 

These  calculations  are  based  on  the  assumption  that 
there  is  no  absorption  of  light  in  passing  through  great 
distances  of  space,  and  also  on  the  assumption  that  there 
is  no  loss  of  hght  in  passing  through  such  thick  lenses. 
The  thickness  of  the  object-glass  of  the  "  Washington  "  2G- 
inch  refi-actor  at  its  centre  is  nearly  three  inches ;  thus, 
the  flint  glass  lens  is  there  0-96  inch  thick,  while  the 
crown  glass  lens  is  1-88  inch  thick  at  its  centre.  Buch  a 
thickness  more  than  halves  the  intensity  of  the  emergent 
pencil ;  and  the  loss  of  light  by  absorption  in  passing 
through  the  glass  near  the  centre  of  the  Lick  object-glass 
must  be  considerable.  Exact  measures  of  the  absorption 
of  light  by  such  great  lenses  would  be  of  much  interest. 
We  may,  however,  probably  assume  with  some  con- 
fidence, that  if  a."  Centmiri  were  removed  to  twelve 
hundi-ed  times  its  present  distance  it  would  not  be 
visible  in  the  Lick  telescope,  even  though  there  were 
no  absorption  of  light  in  space ;  and  a?  Centauri  is 
probably  larger  and  brighter  than  our  Sun.''' 

Stars  smaller  than  our  Sun  would  he  lost  to  sight  at 
smaller  distances.  Consequently  the  Milky  Way  must 
either  be  nearer  to  us  than  a  thousand  times  the  distance 
of  a.  Centauri,  or  the  smallest  stars  visible  in  it  with  a 
telescope  as  large  as  the  Washington  2G-incli  refractor 
must  be  larger  than  our  Sun — a  supposition  at  which 
the  mind  rebels  when  we  remember  the  vast  size  which 
this  would  imxjly  for  the  larger  stars  evidently  involved  in 
or  associated  with  the  Milky  Way.  For  example,  in  the 
Pleiades  group  (which  we  showed  reason  in  the  May 
number  for  believing  to  be  associated  with  the  Milky 
Way)  there  are  observable  with  the  eye  at  the  telescope 
a  range  of  some  thirteen  magnitudes  of  the  photometric 
scale,  which,  translated  into  ordinary  language,  means 
that  the  larger  stars  of  the  cluster  give  more  than  a 
hundred  and  fifty  thousand  times  as  much  light  as  the 
smaller  stars  of  the  cluster. 

In  the  photographs  of  the  Pleiades  cluster  we  have 
evidence  of  a  range  of  at  least  fifteen  magnitudes,  which 
means  that  the  larger  stars  give  a  million  times  as  much 
light  as  the  smaller  stars,  and  in  the  photograph  of  the 
Coal-Sack  region  of  the  Milky  Way,  published  in  the  .June 
number,  there  is  evidence  of  a  still  greater  range  of  magni- 
tudes. The  star  a.  Crucix,  which  is  of  the  1'3  magnitude, 
is  evidently  associated  with  a  dense  cluster  of  small  stars, 
branches  from  which  can  be  traced  far  across  the  Coal- 
Sack  region,  and  extending  to  a  considerable  distance  over 
the  Milky  Way  or  into  the  Milky  Way  to  the  north  of 
a  CnuiK.  We  seem  to  ha%e  in  this  instance  evidence  of  a 
range  of  at  least  seventeen  magnitudes.  And  the  proof  of 
the  connection  between  the  large  star  and  the  small  stars 
of  the  cluster  is  far  stronger  than  as  stated  by  me  in  the 
May  number,  a  '  Vi((/,sisa  double  star  with  components  about 
5  seconds  apart  and  there  are  several  small  companions  that 
have  been  observed  in  the  telescope,  in  the  glass  photo- 
graph sent  mo  by  Mr.  llussell  the  spurious  disc  of  the  large 
star  is,  when  examined  with  a  magnifier,  seen  to  contain 
several  small  stars  forming  a  cluster  about  the  large  one. 
Lideed,  in  the  plate  published  in  the  May  number  some 
seven  or  eight  of  these  small  stars  may  be  recognized  with 
a  magnifying-glass  on  the  edge  of  the  spurious  disc  of  the 
large  star. 

Though  the  mind  may  at  first  be  staggered  by  the 
conception  of  stars  giving  a  million  times  as  much  light 


*  Assiiiiiing  witli  Mr.  Govo  a  i)priocl  of  77  yi'iii's  for  tins  biiuii\v, 
and  a  |>iu'allax  of  '7.3  of  a  uccond,  tlie  sum  of  llie  musses  of  tlic 
compoiicuts  will  be  2'1'1  times  tbo  mass  of  tlic  Sun. 


as  our  Sun,  we  are  not  in  a  position  to  deny  the  existence 
of  such  vast  sun-like  bodies.  Indeed  those  who  accept 
the  nebular  hypothesis  as  giving  the  most  probable 
explanation  of  the  origin,  or  rather  of  the  birth  of  the 
planets  of  the  Solar  system,  must  be  prepared  to  believe 
that  there  was  a  time  when  the  Sun  had  a  diameter  as 
large,  or  nearly  as  large,  as  the  diameter  of  the  orbit  of 
Neptune.  If  before  these  more  than  geologic  ages  of 
radiation  into  space  the  surface  or  photosphere  of  the 
solar  mass  did  not  shine  as  brightly  as  it  shines  now,  it 
must,  at  least,  have  been  a  nebula  with  a  very  definite 
surface,  which,  as  seen  from  a  distance  a  hundred  times 
as  great  as  that  of  a  Centauri  would  have  presented  a  disc 
nearly  half  a  second  in  diameter.  No  disc  has  at  present 
been  observed  to  any  star ;  we  may  therefore  feel  some 
confidence  that  there  is  no  such  vast  sun-like  body  within 
a  distance  from  us  equal  to  fifty  times  the  distance  of  a 
Centauri. 

In  the  forthcoming  part  of  the  Old  and  New  Astrojwmy, 
I  have  shown  reason  to  believe  that  there  is  evidence  of 
absorption  of  light  in  space,  and  that  we  can,  from  the 
numbers  of  the  stars  of  the  various  magnitudes,  make  a 
rough  minimum  estimate  as  to  the  amount  of  absorption 
of  light  in  space,  due  either  to  a  want  of  perfect  elasticity 
in  the  light-transmitting  ether,  or  to  dark  bodies  cutting 
out  or  obliterating  the  light  in  its  passage  through  space. 
This  greatly  reduces  our  idea  of  the  magnitude  of  the  region 
we  can  explore  with  the  telescope  and  with  the  camera — ■ 
a  Centauri  would  probably  be  lost  to  the  Lick  telescope  if 
it  were  removed  to  three  hundred  times  its  present 
distance — and  it  also  greatly  reduces  our  idea  of  the 
distance  of  the  small  stars  of  the  Milky  ^^'ay,  and  of  the 
scale  of  the  galactic  system  as  well  as  of  the  nebular 
system  and  of  the  system  of  clusters,  red  stars,  and 
bright  line  stars  which  are  so  evidently  associated 
with   it. 

It  is  not  so  very  long  ago  that  it  was  generally  taught 
that  the  nebula)  were  galaxies  of  stars  more  or  less 
similar  to  the  Milky  Way  that  surrounds  us,  but  so 
inconceivably  remote  as  to  appear  when  observed 
with  the  largest  telescopes  like  small  spots  in  the 
heavens.  This  theory  suited  the  popular  taste,  and  died 
hard.  It  involved  the  assumption  that  man  could  explore 
with  the  instruments  at  his  disposal  a  space  so  immense 
that  the  interstellar  spaces  which  we  can  just  measure  or 
guess  at,  are  dwarfed  into  points  beside  the  distance  from 
which  light  travels  to  us. 

The  theory  should  have  been  disposed  of  by  the  obser- 
vations of  Sir  William  Herschel,  who  noted  that  many 
nebuliE  are  evidently  associated  with  stars,  and  observed 
that  the  smaller  nebulae  were  distributed  over  the  heavens 
in  a  manner  which  shows  an  intimate  conncctidn  between 
them  and  the  brighter  stars.  He  noted  that  the  nebuh* 
in  the  northern  heavens  were  clustered  in  the  pole  of  the 
Milky  Way,  and  descended  like  a  canopy  on  all  sides, 
leaving  a  dark  space  or  channel  separating  the  nebulous 
region  from  the  rich  stellar  region  of  the  Milky  Way. 
Sir  WLUiam  Herschel  also  fully  satisfied  himself  that 
"  there  were  nebulosities  which  are  not  of  a  starry 
nature,"  and  from  his  observations  of  diffused  nebulic 
he  formed  his  well-known  hypothesis  of  a  dift'used 
luminous  fluid  which,  by  its  eventual  aggregation,  pro- 
duced stars.  But  he  did  not  proceed  to  tlie  legitimate 
deduction  from  his  observations  as  to  the  general  distribu- 
tion of  nebuhe,  viz.  :  that  nebula'  which  are  arranged  so 
symmetrically  with  respect  to  the  stars  must  belong  to  the 
stellar  system,  and  therefore  cannot  be  assumed  to  lie  at 
immense  distances  compared  with  the  distance  of  the 
Milky  Way  stars. 
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Sir  John  Hersehel  extended  the  observations  of  his 
father  to  the  southern  heavens,  and  showed  that 
there  was  a  simihir  ckistering  of  the  smaller  nebuhc 
on  the  southern  side  of  the  Milky  Way,  and  a  similar 
intimate  connection  between  the  distribution  of  stars 
and  the  distribution  of  nebuhe  in  the  southern 
hemisphere  (see  Cajv  Observations,  p.  134) ;  but  it 
was  not  till  1858  that  the  obvious  conclusion  from 
these  observations  was  drawn  by  Mr.  Herbert  Spencer 
in  a  remarkable  paper  on  "  The  Nebular  Hypothesis," 
pubhshed  in  the  WctitminMcr  Ecrieir.  He  remarked,  "  If 
there  were  but  one  nebula,  it  would  be  a  curious  coinci- 
dence Avere  this  one  nebula  so  placed  in  the  distant  regions 
of  space  as  to  agree  in  direction  with  a  starless  spot  in  our 
own  sidereal  system.  If  there  were  but  two  uebuliP,  and 
both  were  so  placed,  the  coincidence  would  be  excessively 
strange  ;  what  then  shall  we  say  on  iinding  that  there  are 
thousands  of  nebuhe  so  placed  '?  Shall  we  believe  that  in 
thousands  of  cases  these  far-removed  galaxies  happen  to 
agree  in  their  visible  positions  with  the  thin  places  in  our 
own  galaxy?     Such  a  behef  is  impossible." 

Mr.  Herbert  Spencer's  paper  was  not  illustrated  by 
charts,  and  the  force  of  his  reasoning  was  not  generally 
perceived  till  some  ten  years  afterwards,  when  Prof. 
Cleveland  Abbe  drew  attention  in  the  Monthly  Xotkrn  of  the 
Eoyal  Astronomical  Society  for  May,  1867,  to  the  intimate 
connection  between  the  distribution  of  nebula:'  in  space  and 
stars  ;  and  Mr.  Proctor,  in  1869,  constructed  some  charts 
on  an  equi- surface  isrojection,  which  graphically  put  his 
readers  in  possession  of  the  facts  and  carried  conviction  to 
all  who  read  his  remarks. 

The  theory  that  the  nebulae  were  distinct  galaxies  in- 
volved the  assumption  that  light  can  reach  us  fi-om  regions 
many  thousand  times  more  remote  than  the  stream  of 
stars  which  compose  our  own  galaxy  ;  and  it  also  involved 
the  assumption  that  the  matter  of  the  universe  is  aggre- 
gated into  clusters,  separated  by  immense  barren  spaces, 
in  which  we  must  assume  that  there  are  very  few  luminous 
stars,  and  but  few  dark  stars  which  would  absorb  hght,  as 
well  as  comparatively  very  Uttle  opaque  matter  distributed 
as  meteors  are  distributed  in  the  region  of  space  we  are 
familiar  with. 

We  have  evidence  that  the  greater  part  of  the  lucid  stars 
belong  to  the  galactic  system,  but  the  large  proper  motion 
of  some  stars,  taken  in  conjunction  with  their  small 
parallax,  afibrds  endence,  as  Prof.  Simon  Newcomb  has 
pointed  out,  that  they  will  in  time  pass  away  from  our 
galaxy.'-  The  regions  outside  our  galaxy  cannot,  therefore, 
be  absolutely  barren,  but  however  sparsely  luminous  stars 
are  distributed  through  space,  if  there  were  no  absorption 
of  light  iij  its  passage  through  the  ether,  and  no  opaque 
bodies  to  blot  out  the  light  of  distant  stars,  it  would  be 
impossible,  as  Olbers  long  ago  pointed  out,  to  draw  a 
Ime  in  any  direction  which  would  not  in  an  infinite 
imiverse  pass  through  some  luminous  star,  and  the  whole 
heavens  ought  to  shine  with  the  average  brightness  of 
such  stars. 

That  the  heavens  are  comparatively  dark  may,  there- 
fore, be  taken  as  proof  either  that  the  light-transmitting 
ether  is  not  perfectly  elastic,  or  that  there  are  numerous 
dark  bodies  in  space  that  blot  out  the  light  which  we 
should  otherwise  derive  from  the  more  distant  parts  of  the 
universe. 


*  Prof  Simon  Xewcomb  lias  shown  in  liis  Fopxdar  Asfronomv 
that  making  tlie  most  liberal  assumptions  as  to  the  number  and 
masses  of  the  stars  of  our  galactic  system,  the  highest  speed  which  a 
body  could  attain  if  it  fell  from  an  infinite  distance  through  such  a 
stellar  system  would  be  25  miles  a  second,  a  velocity  which  is 
certainly  smaller  than  that  of  many  stars. 


THE    MAGIC    SQUARE    OF    FOUR. 
To  the  Editor  of  Knowi^edge. 

Deab  Sir, — It  may  Interest  some  of  your  readers  to 
know  that  the  deficiency  of  32  squares  (short  of  Frenicle's 
total  of  880),  mentioned  in  my  letter  in  the  April  number 
of  Knowledge,  has  been  supplied  by  Dr.  .1.  Willis,  of 
Bradford,  who  has  seen  Frenicle's  collection  and  given  it 
a  careful  examination.  It  appears  that  Type  C  {riik  my 
article  in  March  number)  really  has  801  varieties,  and  not 
merely  272.  I  may  as  well  mention  at  the  same  time,  in 
justice  to  Mr.  Cram,  that  it  was  through  an  oversight  that 
I  obtained  only  80  extra  squares  of  this  type  from  him. 
He  meant  to  have  given  me  seven  instead  of  five,  in  which 
case  I  should  have  had  7x16  instead  of  5x16  extra. 

The  following  analysis  of  Frenicle's  number  may,  there- 
fore, be  now  considered  as  correct: — A,  B,  D,  each  48  ;  C, 
304;  E,  F,  each  96;  G,  I,  J,  L,  each  56;  and  H,  K, 
each  8.— Total  880. 

Whilst  writing,  I  may  perhaps  be  allowed  to  make  two 
other  corrections  in  my  article.  The  first  is  a  misprint ; 
page  47,  first  column,  the  first  row  of  the  square  (1)  should 
be  1  6  11  16,  not  1  6  11  6.  Lastly,  the  first  sentence  in 
the  last  paragraph  in  the  same  column  is  wrong.  The 
four  varieties  mentioned  in  the  third  hue  are  obtained  by 
transposing  0  for  8,  and  4  for  12,  and  (("(•('  virxa  (which 
doubles  the  number  of  squares),  and  then  transposing  the 
two  centre  columns  (which  again  doubles  the  number), 
thus  making  four  varieties. 

In  conclusion,  it  may  be  worth  while  to  quote  Dr. 
Willis's  opinion,  that  "  it  is  extremely  improbable  that 
other  squares  of  four  exist  in  addition  to  these  880,  as 
Frenicle  appears  to  have  proceeded  by  finding  by  trial  all 
those  combinations  which  satisfy  the  conditions  that  the 
sum  of  the  fom-  corner  numbers,  as  well  as  that  of  the  fom* 
numbers  in  the  middle  of  the  square,  must  equal  the 
normal  34." 

T.  S.  Babrett. 

[P.S. — Frenicle's  articles,  in  which  his  880  squares 
occur,  may  be  seen  in  the  British  Museum.  They  are 
printed  in  a  volume  entitled  "  Divers  Ouvrages  des 
Mathematique  et  de  Physique,  par  Messrs.  de  TAcademie 
Koyal  des  Sciences  ;  Paris,  1693."  This  book  is  cata- 
logued under  the  name  Frenicle  de  Bessy,  and  its  library 
mark  is  49  f.  1.] 


Mr.  P.  F.  Kend.\ll,  F.G.S.,  wishes  us  to  announce  that 
a  Committee  has  been  formed  for  collecting  information 
mth  respect  to  masses  of  Kock  or  Boulders  distributed 
over  the  North-West  of  England.  Mr.  Kendall,  whose 
address  is  16,  Leegate  Road,  Heaton  Moor,  Stockport,  is 
acting  as  Secretary  of  the  Committee,  and  will  be  glad  to 
communicate  with  anyone  willing  to  collect  information  in 
their  district  for  the  Committee. 


THE  OBSERVATION  OF  RED  STARS. 

By  Miss  A.   M.  Clerke,  Authoress  of  "  Thf  System  of  the 

Stars,"  and   "  The   History  of  Astronomy  duriiig   the  19th 

Century,"  dr.,  de. 

'•  "T"  'jr  'T'HY  should  not  stars  change  in  colour  as  in 

%  /%  /     light?"  Baron  Von  Zach  asked  tentatively 

\l  \t      close    upon    seventy    years    ago,   and    the 

"     f        remark  gave  point  to  his  re-publication,  in 

1822,  of  "  Lalande's  List  of  Red  Stars,"  the 

first   compiled   with    the    help   of    the    telescope.      Now, 

excellent  reasons  might  be  found  why  such  objects  should 
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not  vary  in  tint.  If,  for  instance,  Mitchell  bad  hit  the 
truth  with  his  conjecture  in  1767,  that  Antares,  Aldebaran, 
and  their  fellows  glowed  with  the  ruddy  light  of  decaying 
incandescence,  they  could  obviously  be  subject  only  to 
changes  proceeding  in  the  uniform  direction  of  the  still 
further  deepening  and  darkening  of  their  fires.  But  if 
such  variations  as  Von  Zach  anticipated  do  actually  occur, 
then  the  reasons  prohibitive  of  them  must  necessarily  be 
invalid.  As  a  matter  of  fact,  do  they  occur  ?  A  great 
deal  of  evidence,  recently  accumulated,  tends  to  show 
that  they  do.  If  this  be  so,  and  the  conditions  producing 
redness  in  stars  should  prove  to  be  fluctuating,  it  becomes 
evidently  inadmissible  to  make  colour,  directly  or  in- 
directly, a  test  of  relative  standing.  What  comes  and  goes 
cannot  be  the  badge  of  what  is  permanent. 

Stellar  hues  depend  mainly,  perhaps  exclusively,  upon 
the  composition  and  extent  of  stellar  atmospheres.  Un- 
veiled stellar  photospheres  would  probably  all  agree  in  the 
display  of  a  bluish  tinge  ;  but  on  this  point  inference  and 
conjecture  are  our  only  guides  ;  exxserience  keeps  aloof. 
What  is  thoroughly  ascertained,  on  the  other  hand,  is 
that  the  light  which  we  receive  from  the  stars  is  a  residuum  ; 
it  is  what  gets  through  the  siftmg  apparatus,  by  various 
makes  and  modes  of  which  they  are  all,  without  exception, 
surrounded.  The  resulting  colours  differ,  just  because  the 
sifting  apparatus  is  of  various  makes  and  modes.  The 
more  powerfully  it  acts,  moreover,  the  redder,  as  a  general 
rule,  are  the  transmitted  rays,  because  the  quick,  short, 
blue  and  violet  vibrations  get  predominantly  entangled  and 
stopped  in  gaseous  envelopes  of  normal  constitution.  A 
corresponding  effect  is  produced  m  our  own  atmosphere  ; 
hence,  the  sun  at  the  zenith  is  nearly  white,  but  shows  at 
the  horizon,  where  selective  absorption  exerts  all  its 
strength,  a  more  or  less  reddened  disc. 

More  or  less.  The  effect  is  not  always  the  same.  Often 
barely  tinged  with  orange,  at  certain  times  our  luminary 
disappears  \-ividly  glo-ning  in  crimson  or  scarlet.  In  other 
words,  the  setting  sun  is  a  colour-variable.  And  why? 
Plainly  because  the  state  and  composition  of  our  atmosphere 
are  not  always  the  same.  The  proportion  of  water-vapour 
held  in  suspension  is  one  inconstant  element ;  another  is 
the  amount  of  floating  dust-particles  subsiding  in  still  air, 
or  ceaselessly  bome  onwards  by  untiring  upper  currents. 
And  this  may  help  to  illustrate  the  cause  of  stellar 
fluctuations  in  hue.  It  is,  imquestionably,  to  be  found 
in  changes  of  temperature,  of  chemical  constitution,  of 
electrical  condition,  or  of  all  three  together  (for  they  are 
pretty  sure  to  be  mutually  interdependent)  taking  place  in 
the  glowing  vaporous  envelopes  determinant  of  star- 
coloiu's. 

Their  fluctuations  must  then  be  evident  in  the  spectrum, 
as  well  as  to  the  eye.  Spectroscopic  change,  indeed,  is  only 
a  rc-attirmation,  under  a  different  form,  of  colour-change  ; 
the  prism  analyzing  what  the  eye  perceives.  Colour  sums 
up,  in  one  subjective  impression,  the  whole  series  of  facts 
separately  stated  in  each  star-spectrum.  The  subjective 
impression  needs  accordingly  to  be  tested  and  interpreted 
by  the  statement  of  fact.  Its  differences  from  time  to 
time,  or  from  person  to  person,  are  indicative  merely  ; 
they  may  sometimes  be  admitted  as  assertions,  but  they 
must  be  unusually  well  established  before  they  can  amount 
to  demonstrations  of  objective  change. 

It  has  long  been  known  that  the  ruddy  tinge  of  periodical 
stars,  like  Mira,  lightens  and  deepens  with  their  gain  and 
loss  of  brightness  ;  and  it  has  lately  been  ascertained 
that  remarkable  spectral  appearances  accompany  and 
explain  these  transitions.  In  other  cases,  spectra  have 
boeii  observed  to  vary  independently  of  any  noticeable 
concomitant  effect  upon  either  light  or  hue.     Some  ex- 


ceptional objects,  again,  show,  it  would  seem,  marked 
changes  of  colour  apart  from  changes  of  brightness ;  and 
these  alone  are  properly  entitled  "  colour- variables."  Such 
of  them  as  are  in  systemic  connection  with  neighbouring 
bodies  display  a  wide  prismatic  diversity,  and  both  in 
themselves,  and  by  their  instabiUty,  give  rise  to  highly 
intricate  considerations ;  while  the  phases  of  solitary 
colour-variables  consist  entirely  in  the  paling,  or  even  total 
disappearance  of  their  customary  red  hue. 

Ostensible  instances  of  this  kind  are  numerous;  a  few 
are  fairly  well-authenticated.  Take  the  eighth  magnitude 
star  in  Virgo  (148  Schjellerup),  numbered  352  in  the 
"  E spin-Birmingham  Catalogue  of  Red  Stars."  It  shows 
a  finely  developed  banded  spectrum  of  the  thn'd  type,  and 
shines  by  Duner's  estimate  in  his  catalogue  of  such  objects, 
with  a  deep  red  yellow  hght.  Mr.  Espin  noted  its  "  fine 
pale  red"  tint.  May  12th,  1885,  described  by  Lord  Rosse 
in  1841  as  "  scarlet,"  by  d'Arrest  in  1866  as  "  dark 
red."  These,  however,  are  but  trifling  discrepancies  com- 
pared with  the  alleged  total  absence  of  colom*  from  the 
star  on  May  8th,  1874.  Its  whitness  at  that  date  is 
attested  by  one — unfortunately  only  one — observation  of 
Bu-mingham's.  Any  recent  notes  of  its  colour  which  may 
happen  to  have  been  made,  would  be  of  special  interest 
for  purposes  of  comparison  with  the  older  records.  Those 
relating  to  the  star  90  Schjellerup  (Espin-Birmingham 
221)  are  still  less  mutually  reconcilable.  But  here  there 
is  just  a  possibility — though  a  remote  one — that  two 
different  stars,  one  white,  the  other  orange,  may  be  in 
question.  No  shadow  of  doubt,  however,  overshadows  the 
identity  of  a  star  in  Orion  (63  Schjellerup)  numbered  1888 
in  the  "  Copenhagen  Catalogue  for  1864,"  which  appeared 
red  in  1863,  and  is  now  no  longer  so.  Schjellerup  perceived 
in  1870  that  the  hue  he  had  originally  been  struck  with 
had  vanished.  A  7'5  magnitude  star  in  Scutum  Sobieski 
(Schjellerup  214,  Espin-Birmingham  544)  may  with  some 
confidence  be  pronoiinced  variable  in  colour.  Of  its  red- 
ness, first  perceived  by  Schjellerup,  Birmingham  could  see 
no  trace  in  repeated  observations  made  in  the  years  1872-4 ; 
twice,  indeed,  he  qualified  the  object  as  actually  hJiu\  But 
it  had  reverted,  on  September  29th,  1889,  according  to 
Mr.  Espin,  to  a  "pale  orange  red  ";  and  since  its  spectrum 
is  a  banded  one  of  the  third  type,  it  may  claim  to  rank 
normally — its  occasionally  blanched  aspect  notwithstand- 
ing— as  a  red  star. 

It  must  here  suffice  to  add  one  further  example  from  the 
southern  skies.  It  is  that  of  r  Velorum.  Dr.  Gould,  at 
Cordoba,  found  the  colour  of  this  bright  star  (5-3  magni- 
tude) so  pronounced  as  in  part  to  baffle  estimates  of  its 
brightness.  But  judging  from  two  observations  of  my  own 
at  the  Capo,  it  had  completely  lost  this  quality  in  the 
autumn  of  1888,  and  my  eyes  are  rather  exti-a-sensitive  to 
the  warmer  tints  of  the  spectrum.  An  examination  of  the 
star  by  Mr.  Tebbutt  in  New  Soutli  Wales,  March  3rd, 
1891,  showed  it  "  to  be  very  slightly  tinged  with  red," 
though,  with  a  larger  instrument  (an  eight-inch  equatorial), 
three  days  later,  the  tinge  seemed  more  decided — •'  very 
decided,"  indeed,  "compared  with  the  other  smaller,  but 
white  stars  in  the  same  field  of  view."'-  The  recovery  of 
colour,  however,  is  still  evidently  very  imperfect.  Mr. 
Tebbutt,  one  is  glad  to  learn,  does  not  intend  to  lose 
sight  of  this  interesting  object. 

Up  to  tlie  present,  suspected  colour-variables  have  been 
unaccountably  neglected,  notwithstanding  the  great  im- 
portance both  of  verifying  and  of  investigating  their 
changes.  For  they  supply  what  Bacon  called  "  migratory 
instances,"  which,  in  the  course  of  their  jourueyings  from 
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one  class  to  another,  may  be  expected  to  prove  instructive 
as  to  the  essential  characters  of  each.  The  very  fact  that 
such  migratory  instances  are  to  be  met  with  is  in  itself 
significant.  It  assures  us,  at  any  rate,  that  red  and  white 
stars  are  not  the  products  of  widely  separated  epochs  of 
cosmical  history.  But  besides  this  piece  of  negative 
information,  much  positive  intelligence  should  be  derivable 
fi-om  them.  The  co-ordination  of  spectral  and  colour- 
change  has  never  yet  been  satisfactorily  accomplished. 
The  two  kinds  of  variation  are  so  far  united  that  although 
the  former  might  conceivably  take  place  without  the 
latter,  the  latter  inevitably  involves  the  former.  Thus  a 
star  spectrum  might,  although  it  is  unlikely  that  it  would, 
vary  fundamentally  in  character  without  any  attendant 
variation  in  tint.  This  would  be  the  case,  for  example,  if 
emergent  bands  or  lines  were  so  situated  as  to  be  comple- 
mentary one  to  the  other.  And  in  point  of  fact,  relatively 
trifling  modifications  of  colour  appear  to  have  been 
concomitant  with  the  striking  spectral  changes  detected 
by  Mr.  Espin  in  R  Corona;  and  E  Scuti.  But  coloiu-- 
variation  munt  be  explicable,  so  to  speak,  by  spectral 
variation.  Enquiries  on  this  head  are  superfluous,  their 
upshot  being  self-evident.  What  needs  to  be  investigated 
is  the  form  and  manner  of  a  correspondence  which  unques- 
tionably exists.  In  this  direction  next  to  nothing  has  been 
done  ;  to  the  questions  that  suggest  themselves  no  answers  . 
are  forthcoming  ;  yet  by  their  means,  if  at  all,  the  enigma 
of  star-colours  ought  to  prove  soluble.  A  thorough 
examination  of  a  single  colour-variable  in  its  slowly 
alternating  red  and  pale  phases  could  hardly  fail  to 
disclose  the  essential  condition  of  the  peculiarity  of  its 
light.  What  supervenes,  one  desires  to  know,  in  the 
atmosphere  of  that  star,  now  to  blanch,  and  again  to 
flush  its  rays  ?  Are  they  subtracted  from  by  additional 
absorption,  or  reinforced  by  special  but  transient 
emissions  ?  Is  continuous  absorption  included  among 
the  elements  of  change '?  That  is  to  say,  does  the  dusky 
veil  thrown  over  the  upper  part  of  the  spectrum  appreciably 
lift  or  lighten  with  the  pahng  of  colour  '?  The  providing 
of  definite  replies  to  these  definite  queries  would  in  itself 
make  a  solid  beginning  of  knowledge  as  regards  the  cause 
of  redness  in  stars.  But  they  can  only  be  provided  by  the 
persevering  exertions  of  some  one  competent  observer. 
Such  disjointed  notes  of  colour  as  have  been  hitherto 
visually  recorded  are  of  little  use  except  in  the  way  of 
suggestion.  They  have  furnished  the  means  of  con- 
structing a  working  hst  of  objects  more  or  less  vehemently 
suspected  of  change,  and  thus  served  their  main  purpose 
of  prescribing  the  aim,  and  limiting  the  scope,  of  a  fresh 
series  of  more  concentrated  operations.  Half-a-dozen  red 
stars  assiduously  watched  would  probably  be  foimd  more 
genuinely  commimicative  than  hundreds  passed  in  review, 
and  then  abandoned  until  perhaps  recovered  after  a  decade 
or  two  by  some  other  collector  of  celestial  curiosities, 
whose  perplexities  at  certain  incongruous  results  of  his 
search  would  remain  as  unprofitable  as  those  of  his 
predecessor.  But  the  half-dozen  stars  chosen  for  detailed 
scrutiny  should  be  tested  spectroscopically  and  spectro- 
graphicaUy,  no  less  than  visually.  The  photographic 
delineation  of  the  spectra  of  small  red  stars  would  no 
doubt  demand  large  instruments ;  yet  without  it  the 
enquiry  would  be  lamentably  incomplete.  Indeed,  the 
tell-tale  modifications  looked  for  would  be  more  likely  to 
present  themselves  in  the  higher  than  in  the  lower  reaches 
of  the  spectrum.  From  its  exceptional  brightness  among 
colour-variables,  ;■  Velorum  might  be  singled  out  as  a 
particularly  tempting  subject  for  investigations  of  the 
kind  described,  were  not  astro-physical  observers  and 
apparatus  equally  scarce  m  the  southern  hemisphere. 


^mwt  Column. 

By  W.  Montagu  Gattie,  B.A.Oxon. 


c 


Eefusino  to  Overtrump. 

ASES  frequently  arise  in  which  it  is  not  advisable 
to  overtrump.  The  following  hand  furnishes  a 
simple  illustration. 


Hand  No.  22. 


Score — Love  all. 

Z  turns  up  the  three  of  hearts. 

Note. — A  and  B  are  partners  against  Y  and  Z.  A  has 
the  first  lead  ;  Z  is  the  dealer.  The  card  of  the  leader  to 
each  trick  is  indicated  by  an  arrow. 


V^ 


Tricks— AB,  1  ;  YZ,  0. 

Trick  3. 
B 

9~~^ 


TrtrLs—AB,  3 ;  YZ,  1. 


♦ 

♦   ♦ 

♦ 

♦ 

^ 

t     z 

♦   ♦ 

1 

♦ 

*/ 

TricKs—AB,  4  ;  YZ,  1. 
Trick  7. 


<? 

V 

9     <? 

<7     V 

Tricks— AB,  6  i  YZ,  I. 


Tricks— AB,  7  ;  YZ,  J. 
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THrts—AV,,  7  ;  YZ,  2. 

Note. — A  discards  his  losing  diamond  instead  of  over- 
trumping, and  so  secures  the  game.  He  might  infer  from 
Z's  nine  of  hearts  that  B  holds  the  eight  ;  but  the  nine 
may  be  a  false  card  (as  is  indeed  the  fact),  and  in  that 
case  Z  will  save  the  game  if  he  has  the  best  spade  after 
three  rounds,  unless  A  allows  him  to  win  this  trick.  For, 
after  overtrumping,  A  cannot  prevent  YZ  from  making 
either  the  knave  of  spades  or  the  knave  of  diamonds  as 
well  as  the  eight  of  trumps. 

Tricki  10  to  13. — Whatever  Z  leads,  A  makes  the 
remaining  tricks,  and 

AB  Score  Five  by  Cards. 


J.  G.  Ellis. — Quite  right,  of  course.  Seeing  the  win  of 
the  Queen  we  looked  for  nothing  else. 

T. — Notice  in  July  number  reads,  "jmaU'il  Iwfore  the  10th," 
which  is,  of  course,  identical  with  "  on  or  before  the  9th." 
Problem  enclosed  is  hardly  legible  ;  and  if  legible,  unsound. 

H.  C.  H.  and  J.  Taylor. — Too  late  for  acknowledgment 
with  the  rest ;  will  credit  next  month  if  no  objections  are 
raised.  

PEOBLEM  (No.  2). 
By  G.  F. 


A's  Hand. 

H.— 10,  7,  6,  2. 
S. — Ace,  Kg,  Qn. 
D.— Ace,  Kg,  10,  3. 

C— 8,  3. 

Y's  Hand. 

H.— Qn,  Kn. 

S.— 8,  7,  5. 
D.— Kn,  9,  8,  2. 
C— 9,  7,  6,  4. 


B's  Hand. 

H. — Ace,  Kg,  4. 

S.— 10,  6,  2. 

D.— 7,  4. 

C— Kg,  Qn,  Kn,  5,  2. 

Z'a  Hand. 

H.— 9,  8,  5,  3. 
S.— Kn,  9,  4,  3. 
D.— Qn,  6,  5. 
C— Ace,  10. 


This  is  purposely  given  as  a  very  simple  example  of  the 
disadvantage  of  overtrumping  in  like  circumstances,  and 
A's  proper  play  may  seem  to  many  readers  too  obvious  to 
need  demonstration,  since  it  is  clear  that,  after  discarding 
his  diamond,  he  must  win  every  other  trick.  Yet  it  is 
surprising  how  often  such  opportunities  are  missed  in 
actual  play.  Next  month  we  hope  to  give  a  somewhat 
more  difficult  illustration  of  the  same  principle. 


Ct)€ss  (JToUimn. 

By  C.  D.  LococK,  B.A.Oxon. 


To  Correspondents. — Communications  for  this  column 
should  be  addressed  "Cintni,  I Idwl./iurst,  Kent,"  and  posted 
/)('/'();■('  the  10th  of  each  month. 

Solution  of  Problem  No.  1  (bi/  W.  E.  Holland)  : — 1. 
K  to  K3,  and  mates  next  move. 

CoHRi-.cT  Solutions  from  : — Alpha,  T.  E.  Kerrigan,  T. 
Hurley,  K.  T.  M.,  Giu.  Pianissimo,  K.,  .T.  Landan,  F.  A., 
A.  G.  Hansard,  T.  A.  Earl,  T.  K.  Bentlcy,  R.  ^V.  Houghton, 
F.  W.  Sharp,  White  Knight,  A.  J.  Luisham,  G.  F.,  .J. 
Humble,  A.  N.  Brayshaw,  E.  B.,  Betula,  C.  S.,  A.  C.  L. 
Wilkinson,  M.  B.  (Jesmond),  E.  A.  Layton,  C.  T.  Blan- 
shard,  J.  -Johnston,  .J.  G.  Ellis,  A.  Rutherford,  T.  H. 
Billington,  and  T. — (30  correct ;  2  incorrect.) 

H.  S\  B.— Not  quite  right.  If  1.  1\  to  B2,  Q  x  R,  and 
there  is  no  mate. 

F.  DE  F.  (Perugia).— After  1.  K  to  B4,  QxR;  2.  Kt  x 
Qch  is  not  mate. 

G.  F. — Thanks  for  problem,  which  wo  insert ;  it  is  quite 
good  enough.  Owing  to  a  misprint  in  your  key-move  we 
thought  at  first  that  there  must  be  two  solutions. 


Black. 

White  to  play,  and  mate  in  three  moves. 


The  attention  of  solvers  is  called  to  the  rule  that  in  the 
case  of  thret'-movi'  problems  all  White  s  second  moves  should 
be  sent.     Competitors'  scores  will  be  published  nest  month. 

Game  played,  .July  1st,  in  the  Divan  Tournament : — 
Ri;y  Lopez. 


White. 

Black. 

riv 

.  JasnaKi'odskv.) 

(.T.  ilortimer.) 

1. 

P  to  K4 

1. 

P  to  K4 

2. 

K  to  KtB3 

2. 

Q  to  KtB3 

3. 

B  to  Kt5 

3. 

Kt  to  B3 

4. 

Castles 

4. 

KtxP 

5. 

P  to  Q4 

.5. 

B  to  K2 

6. 

R  to  Ksq  ((() 

6. 

Kt  to  Q3 

7. 

B  X  Kt  (i) 

7. 

KtP  X  B  (<•) 

8. 

IvtxP 

8. 

Castles 

9. 

QKt  to  B8 

9. 

P  toB3 

10. 

Kt  to  Q3 

10. 

Kt  to  B2 

11. 

B  to  B4 

11. 

P  to  Q4  (.0 

12. 

Kt  to  R4  ! 

12. 

B  to  Q3 

13. 

QKt  to  B3 

13. 

R  to  Ktsq 

14. 

P  to  QKt3 

14. 

R  to  Ivsq 

15. 

Q  to  B3 

1.5. 

B  to  Q2  (e) 

16. 

R  X  Rch 

16. 

QxR 

17. 

R  to  Ksq 

17. 

Q  to  QBsq 

18. 

P  to  KR3 

18. 

B  to  B4  (/■) 

19. 

Q  to  Kt3  (./) 

19. 

P  to  Kt4 

20. 

B  X  B  (A) 

20. 

PxB 

21. 

Kt  to  R4 

21. 

Q  to  Esq  1  (/) 

22. 

Q  to  K3 

22. 

R  to  Kt2 

28. 

P  to  KKt4  ( /•) 

28. 

B  to  Kt3 

24. 

P  to  KB4 

24. 

Bxlvt 

2r>. 

PxB 

25. 

PxP 

20. 

Q  X  P 

26. 

Kt  to  Kt4 

27. 

K  to  R2  ?  (/.•) 

27. 

R  to  K2 

28. 

R  to  KBsq  ? 

28. 

Q  to  R3 

29. 

Q  to  Kt8  (/) 

29. 

R  to  K7ch 

30. 

R  to  B2 

30. 

R  X  Rch 

81. 

QxR 
Resigns. 

81. 

QxPcU 
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Notes. 

(ii)  G.  Q  to  K2  is  now  more  usually  played,  but  against 
correct  play  it  yields  no  advantage. 

{h)  7.  r  X  P  is  perhaps  better.  If  then  7.  .  .  Kt  x  B, 
8.  P  to  QR4,  recovering  the  piece. 

((■)  7.  .  .  QP  X  B  leads  to  an  even  game.  Black  pro- 
bably wished  to  avoid  the  exchange  of  Queens,  but  gets 
thereby  a  rather  cramped  game.  White's  next  move  is 
better  than  Px  P,  for  Black  could  then,  after  Castling,  free 
his  game  by  P  to  KB8. 

{(I)  This  leaves  a  weak  point  at  QB4  to  be  occupied 
by  the  hostile  Knights.  He  might  try  instead  B  to  Q8  at 
once  (White  threatens  B  xP). 

(i)  In  order  to  make  room  for  the  Queen  at  Bsq.  Kt  to 
Esq  also  seems  feasible,  leaving  a  diagonal  for  the  Queen 
to  escape  by,  in  case  White  exchanges  Rooks,  and  ulti- 
mately developing  by  Kt  to  KtS. 

( /■)  Just  in  time  to  prevent  his  game  being  blocked  by 
P  to  KKt4. 

((/)  White  so  far  has  played  with  excellent  judgment,  but 
has  nothing  more  to  do  at  present.  His  only  chance  of 
attack  lies  in  working  his  Queen  on  to  the  QR  file.  The 
move  actually  made  is  cleverly  taken  advantage  of  by  Mr. 
Mortimer  to  drive  the  QKt  out  of  play  ;  but  vith'  note  (//). 

(A)  If  20.  P  to  KE4,  P  to  KR3  (best);  21.  PxP, 
RP  X  P  ;  22.  E  to  K3  !  K  to  Bsq  ;  23.  B  x  B,  P  x  B  ;  24. 
R  to  B3 !  B  to  K5  (If  .  .  .  P  x  Kt ;  2.5.  R  x  B) ;  2.5.  R  x  P, 
P  x  Kt ;  26.  Kt  X  P,  threatening  to  win  by  Q  x  R,  Kt  to 
Q7ch,  and  E  x  Ktch,  and  threatening  also  R  x  P  or  Q  x  P 
or  Q  to  Q6ch  accordmg  to  circumstances.  In  any  case 
White  must  get  at  least  three  Pawns  for  the  piece 
sacrificed,  and  would  probably  win  in  actual  play. 

(i)  With  a  view  to  R  to  Ksq,  which  White  proceeds  to 
stop.     The  move  also  frees  his  Knight. 

(,/)  By  this  and  his  next  move  (which  is  of  the  nature 
of  a  blunder)  White  unnecessarily  compromises  his  position. 
He  should  bring  the  QKt  into  play.  Mr.  Mortimer 
now  takes  up  the  attack  in  %-igorous  style  till  the  end. 

(A)  K  to  Kt2  seems  much  better.  Black  now,  noticing 
the  position  of  the  White  Knight,  is  content  to  offer  the 
exchange  of  Rooks.  White,  however,  could  still  draw  by 
accepting  it.     His  next  move  is  speedily  fatal. 

(/)  29.  Kt  to  B3  would  prevent  the  immediate  catas- 
tro^jhe,  but  Black  would  win  after  29.  .  .  Q  x  Pch  ;  30. 
K  to  Ktsq,  R  to  K6,  .tc.  Agam,  if  29.  .  .  .  Q  x  BP, 
R  to  K7ch  ;  30.  K  to  Kt3,  R  to  K6ch  !  and  wins  easily. 


KNIGHTS  AND  BISHOPS. 

(Contumed  fnim  ]>.  140.) 

1.  The  first  point  to  be  considered,  then,  is  extent  of 
range.  In  this  the  superiority  of  the  Bishop  seems  at 
first  sight  overwhelming.  A  Bishop  commands  a  maxi- 
mum of  thirteen  squares,  and  a  minimum  of  seven  ;  a 
Knight's  maximum  is  eight,  and  its  minimum  only  two. 
This  superiority,  however,  is  subject  to  important  limita- 
tions. It  should  be  noticed,  for  instance,  that  the  Bishop 
commands  its  maximum  number  of  squares,  only  when 
placed  on  one  of  the  four  centre  squares  ;  while  a  Knight 
commands  its  maximum  when  placed  on  any  one  of  the 
xi.Hfcn  centre  squares,  and  this  too  regardless  of  obstacles. 
Moreover,  in  the  earlier  stages  of  the  game  a  Bishop  can 
very  rarely  be  posted  with  advantage  in  the  centre  of  the 
board  ;  and  unless  this  is  so,  its  maximum  is  at  once  reduced 
to  eleven  squares. 


2.  A  Knight  can  be  brought  to  command  any  square  on 
the  board  ;  a  Bishop  being,  of  course,  limited  to  half  the 
total  number.  The  Knight's  advantage  hei-e  is  especially 
prominent  in  a  blocked  position,  or  when  Pawns  have  to 
be  attacked  in  the  end-game. 

8.  Nothing  can  prevent  a  Knight  from  commanding  any 
square  within  its  range.  A  Bishop,  on  the  other  hand, 
except  in  the  end-game,  is  hampered  even  more  by  his  own 
Pawns  and  pieces  than  by  those  of  the  other  side  ;  so  much 
so,  that  a  Bishop  may  be  sometimes  reduced  to  a  state  of 
total  inactivity.  But  there  is  no  imprisoning  a  Knight 
possessed  of  ordinary  prudence. 

Now  comes  a  most  important  consideration.  It  is  well 
known  that  a  minor  piece  should  generally  be  supported 
by  a  Pawn ;  and  in  the  case  of  a  Bishop,  the  vei-y  Pawn 
which  supports  it  shuts  it  out  from  retiring  in  that  direc- 
tion, and  very  often  from  communication  with  the  other 
wing,  which  should  always,  when  possible,  be  kept  open. 
For  this  reason  the  best  position  on  the  board  for  the 
King's  Bishop  is  QKt3.  A  loophole  for  escape  may  be 
opened  by  P  to  QB3,  and  the  Bishop,  being  defended 
by  a  Rook's  Pawn,  is  not  shut  out  from  conunanding  any 
square  within  its  range. 

(To  be  continued.) 


'Till'  British  Clwss  Mcuiminc  for  July  contains  a  portrait 
of  Buckle,  the  historian,  with  a  sketch  of  his  chess  career 
illustrated  by  some  of  his  games.  Perhaps  the  most  attrac- 
tive feature  of  the  number  is  a  very  readable  review  of  Mr. 
Gossip's  latest.  A  Problem  Tourney  with  some  novel 
features  is  announced. 

A  Tournament  has  been  in  progress  some  weeks  at 
Simpson's  Divan.  The  first  prize  lies  between  Messrs. 
Loman  and  Van  Vliet ;  Messrs.  Bird  and  Mortimer  should 
take  the  third  and  fourth  prizes.  The  other  competitors 
are  Messrs.  Lee,  Muller,  Tinsley,  Gossip,  Fenton,  and 
Jasnagrodsky. 

A  match  of  seven  games  up  has  been  arranged  between 
Messrs.  Blackburne  and  Gunsberg.  The  locale  is  not  yet 
decided  on. 
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GNATS,  MIDGES  AND  MOSQUITOS.-III. 

By  E.  a.  Butler. 

IT  is  difficult  for  a  .stay-at-home  Englishman,  used 
only  to  the  minor  inconveniences  caused  by  insects 
in  this  highly  denaturalized  country,  to  conceive  the 
horror  with  which  Gnats  and  Mosquitos  are  viewed 
in  tho.sc  more  primitive  regions  in  which  they  still 
exist  in  incredible  multitudes,  and  to  realise  the  terrible 
sull'erings  they  are  answerable  for  ;  he  is  inclined  to  treat 
the  whole  matter  almost  as  a  joke,  and  to  laugh  at  the 
violence  of  the  execrations  which  have  been  heaped  on  the 
heads  of  such  insignificant  offenders.     But  there  can  be  no 


question  that  the  plague  has  been  and  is  still,  in  many 
parts  of  the  world,  a  most  real  and  serious  one,  and 
experience  shows  that  the  descriptions  travellers  have 
given  of  the  numbers  of  the  insects,  and  the  pain  and 
disfigurement  caused  by  their  attacks,  highly  coloured 
though  they  often  seem,  may  yet  be  accepted  as  having  a 
solid  foundation  in  fact.  The  exact  effect  of  a  Gnat  or 
Mosquito  bite,  however,  upon  the  human  body,  varies  with 
the  species  of  insect  which  produces  the  wound,  with  the 
sensitiveness  and  temperament  of  the  individual  attacked, 
and  with  surrounding  circumstances.  On  the  borders  of 
the  great  rivers  of  the  Brazilian  forest,  where  Mosquitos 
are  probably  as  troublesome  as  anywhere  in  the  world,  the 
effect  is  quite  different  upon  Europeans  and  natives. 
Accoi'ding  to  Humboldt,  who  paid  great  attention  to  the 
subject  when  he  was  in  the  region  of  the  Upper  Orinoco, 
blisters  and  swelling  are  not  produced  upon  the  skin  of  the 
natives,  i.e.,  the  copper-coloured  Indians,  though  such 
results  follow  in  the  ease  of  the  white  man,  new  settlers 
being  much  more  severely  dealt  with  than  old  residents. 
Speaking  of  a  white  man  who  had  had  "  his  twenty  years 
of  Mosquitos,"  he  says,  "Every  sting  leavmg  a  small 
darkish-browTi  point,  his  legs  were  so  speckled  that  it  was 
difficult  to  recognise  the  whiteness  of  his  skin  through  the 
spots  of  coagulated  blood."  That,  notwithstanding  their 
immunity  from  the  above  secondary  effects,  the  natives  still 
suffer  acutely,  is  manifest  from  the  numerous  and  energetic 
devices  they  adopt  to  free  themselves  from  the  plague,  as 
well  as  from  the  extent  to  which  the  Mosquitos  form  a 
staple  subject  of  conversation.  Elevated  platforms  have 
been  resorted  to  as  retiring  places,  since  the  flies  are  most 
numerous  near  the  ground,  the  greater  number  not  rising 
above  15  or  20  feet;  a  calico  tent  suspended  from  the 
branches  of  trees  when  in  the  forest,  is  another  device, 
while  indoors  there  are  the  well-known  nets  and  curtains. 
Humboldt  speaks  of  his  boatmen  as  vigorously  slapping 
one  another's  bare  backs  to  drive  away  the  tormenting 
insects,  and  as  getting  so  used  to  the  action  that  they 
sometimes  slapped  themselves  in  their  sleep ;  some  rubbed 
the  wounds  on  tlieir  comrades'  backs  with  rough  bark  (!) 
or  again,  the  women  patiently  set  themselves  to  pick  out 
from  the  pustules  the  drops  of  coagulated  blood.  "  How 
are  you  with  regard  to  the  Mosquitos?"  was  a  common 
form  of  salutation,  while  to  the  native  mind,  the  absence 
of  Mosquitos  formed  the  highest  conception  of  the  bliss  of 
heaven.  "  How  comfortable  must  people  be  in  the  moon," 
said  an  Indian  to  his  European  teacher,  "  she  looks  so 
beautiful  and  so  clear,  that  she  must  be  free  from 
Mosquitos !  " 

Dr.  A.  R.  Wallace,  visiting  the  same  region,  says : 
"  Immediately  after  simset  they  poured  upon  us  in 
swarms,  so  that  we  found  them  unbearable,  and  were 
obliged  to  rush  into  our  sleeping-rooms,  which  we  had 
kept  carefully  closed.  Here  we  had  some  respite  for  a 
time,  but  they  soon  found  their  way  in  at  the  cracks  and 
keyholes,  and  made  us  very  restless  and  uncomfortable  all 
the  rest  of  the  night."  And  so  far  from  getting  used  to 
them  ;  "  After  a  few  days'  residence  we  found  them  more 
tormenting  than  ever,  rendering  it  quite  impossible  for  us 
to  sit  down  to  read  or  write  after  sunset."  The  people 
used  dried  cow-dung  burnt  at  their  doors  to  keep  away  the 
insects,  and  this  seemed  the  most  effectual  remedy,  so 
that  by  adopting  it,  and  walking  about  at  the  same  time, 
the  explorer  managed  to  "  pass  an  hour  pretty  comfort- 
ably." Mr.  11.  W.  Bates,  spealdng  of  Fonte  Boa,  also  i» 
the  same  region,  says  that,  "in  addition  to  its  other 
amenities,  it  lias  the  reputation  throughout  the  country  of 
being  the  headquarters  of  Mosquitos,  and  it  fully  deserves 
the  title.     They  are  more  annoying  in  the  horns  by  day 
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than  by  night,  for  they  swarm  in  the  dark  and  damp 
rooms,  keepinfj;  in  the  daytime  near  the  floor,  and  settling 
by  half-dozens  together  on  the  legs.  At  night  the  calico 
tent  is  a  sufficient  protection,  but  this  is  obliged  to  be 
folded  every  morning,  and  in  letting  it  down  before  sunset 
great  care  is  required  to  prevent  even  om-  or  tim  of  the 
tormentors  from  stealing  in  beneath,  their  insatiable  thirst 
for  blood,  and  pimgent  sting,  making  tlim-  enough  to  spoil 
all  comfort.'"  From  these  extracts  we  see  that  the  expe- 
rience of  the  traveller  in  South  America  is  by  no  means 
uniform,  and  this  partly  results  from  there  being  several 
distinct  species  of  flies  concerned  in  these  attacks,  some 
inhabiting  one  stream  and  some  another,  according  to  the 
character  of  the  water,  and  having  also  their  time  of  flight 
at  difierent  hours  of  the  day  and  night.  These  peculi- 
arities were  particularly  noticed  by  Humboldt. 

Mungo  Park  considered  that  crocodiles  were  but  of  little 
account  to  the  traveller  in  Africa,  "  when  compared  with 
the  amazing  swarms  of  Mosquitos,  which  rise  from  the 
swamps  and  creeks  in  such  numbers  as  to  harass  even  the 
most  torpid  of  the  natives."  "With  his  clothes  almost  worn 
to  rags,  he  was  ill  prepared  to  resist  their  attacks,  and 
frequently,  therefore,  passed  the  night  walking  backwards 
and  forwards,  fanning  himself  with  his  hat,  perpetual 
motion  being  necessary  to  keep  them  at  bay.  Linne  tes- 
tified to  their  extraordinary  abundance  in  Lapland,  where 
smoke  and  grease  were  in  his  time,  as  they  probably  are 
still,  the  best  preventives  known.  And  in  recent  years, 
Nordenskiold  and  others  have  recorded  meeting  with 
enormous  swarms  in  high  Arctic  latitudes,  in  which 
regions,  indeed,  it  is  not  only  Cidurs  that  exist  in  myriads, 
but  other  Jiipteni  as  well.  For  instance.  Dr.  F.  A.  Walker, 
speaking  of  a  visit  to  Iceland,  mentions  not  only  that  blue- 
bottles were  to  be  found  in  great  numbers  on  rotting  fish 
everywhere,  but  especially  that  the  little  black  flies  that 
ft-equent  seaweed  on  the  sand  flew  in  multitudes  on  board 
the  steamer,  blackening  the  windows  of  the  deck  saloon. 
Dr.  Clarke,  travelling  in  South  Russia,  tells  a  pitiful  tale 
of  the  persecutions  to  which  he  was  subjected  in  passmg 
through  a  morass  which  teemed  with  Mosquitos  to 
such  an  extent  that  a  lamp  which  was  lit  in  a  closed 
carriage  was  soon  extinguished  by  the  swarms  that  flew 
into  it. 

As  may  be  imagined  from  their  habits  and  Ufe-history, 
Mosquitos  are  not  equally  distributed  in  the  countries  in 
wliich  they  occur  ;  in  low-lying,  marshy  districts  they  are 
most  abundant,  but  as  one  recedes  from  the  water,  or 
reaches  greater  elevations,  they  become  less  numerous. 
They  attack  not  only  human  beings,  but  also  cattle,  and 
hence  the  proximity  of  the  latter  Ln  places  much  infested 
may  sometimes  give  relief  to  men  ;  on  the  other  hand, 
they  have  often  been  noticed  accompanymg  cattle  on  their 
return  from  marshy  pastures,  clustermg  round  them  and 
thus  becoming  ultimately  introduced  into  houses.  It  has 
been  said  that  they  object  to  the  strong  smell  of  the 
alligator,  but  if  this  be  so,  they  can  overcome  their  dislike 
when  there  is  a  chance  of  a  draught  of  human  blood,  for 
Humboldt  relates  that  while  dissecting  a  large  alligator, 
11  feet  long,  the  odour  of  which  infected  all  the  sur- 
rounding atmosphere,  he  and  his  assistants  were  fearfully 
stung.  From  the  method  of  life  of  the  Mosquito,  especially 
in  its  early  stages,  it  is  clear  that  it  would  be  next  to 
impossible  to  transport  them  accidentally,  except  as 
perfect  insects,  from  one  country  to  another  across  large 
tracts  of  ocean,  and  the  reports  that  are  sometimes  spread 
of  Mosquitos  appearing  in  hotels  in  this  country  lVe<]uented 
by  Americans  need  to  be  received  with  great  caution. 
Probably,  in  most  instances,  investigation  would  show 
that  they  were  simply  English  Gnats  rather  more  virulent 


than  usual,  which  had  been  propagated  in  some  neigh- 
bouring cistern  or  pond. 

Opinions  have  difl'ered  as  to  the  cause  of  the  swelling 
and  pain  resulting  from  a  Gnat  or  Mosquito  bite.  Some 
have  maintained,  in  accordance  with  what  has  always 
been  the  popular  belief,  that  efl'ects  of  such  magnitude 
coiild  not  be  produced  without  the  introduction  of  a 
poisonous  fluid,  though  they  have  failed  to  show  that  any 
apparatus  exists  which  would  be  capable  of  completely 
fulfilling  such  a  function.  Though  this  poisonous  fluid  is 
itself  conjectural,  a  purpose  has  been  assigned  to  it,  viz., 
that  of  rendering  the  blood  more  liquid,  so  that  it  may  the 
more  easily  be  sucked  up.  And  that  some  such  function 
would  have  to  be  assumed  is  tolerably  certain,  since  the 
poison  could  hardly  be  regarded  merely  as  an  implement 
of  oflence,  and  consequently  an  advantage  to  its  possessor. 
It  seems  scarcely  open  to  question  that,  apart  from  some 
such  function  for  the  poison  as  above,  the  insects  could 
far  more  easily  obtain  the  blood  they  covet,  and  far  less 
precautions  would  be  taken  against  them,  if  they  did  not 
produce  any  painful  results  and  thus  rouse  the  hostility  of 
their  victims,  and  that  therefore,  from  that  point  of  view, 
a  poison  could  not  be  an  advantage.  If,  therefore,  a 
poison  exists,  its  fnnction  must  undoubtedly  be  to  facilitate 
the  drawing  of  the  blood,  and  not  to  serve  as  a  weapon. 

Influenced  by  the  anatomical  difficulties  above  mentioned, 
other  observers  have  maintained  that  no  poisonous  fluid  is 
injected,  but  that  the  laceration  of  tissues  produced  by  the 
six  minute,  acutely  pointed,  and  in  some  eases  barbed  organs 
which  constitute  the  borer,  is  sufficient  to  account  for  the 
inflammation  and  itching.  This  hypothesis,  again,  is  not 
without  objection.  It  would  appear  that  the  insect  some- 
times experiences  difliculty  in  getting  at  the  blood  it  desires, 
for  deep  perforations  of  the  skin  may  be  made  without 
drawing  blood,  and  then  no  swelling  occurs,  and  little 
pain  is  felt ;  this  certainly  appears  a  formidable  difficulty 
in  the  way  of  the  latter  explanation.  Mr.  G.  Dimmock, 
one  of  the  most  recent  experimenters  with  ( 'uliav,  forcibly 
says  :  "  I  am  convinced  that  there  is  use  made  of  a 
poisonous  saliva,  for  when  biting,  if  the  Mosquito  fails  to 
draw  blood,  which  it  often  does  on  parts  of  the  back  of  my 
hand,  it  may  have  inserted  its  proboscis  nearly  full  length 
in  from  one  to  six  directions  in  the  same  place,  and  with- 
drawn its  proboscis ;  indeed,  it  may  have  inserted  its 
proboscis,  as  often  occurs,  in  extremely  sensitive  parts,  yet 
in  such  cases,  if  no  blood  be  drawn,  no  more  effect  is  pro- 
duced upon  my  skin  than  is  produced  by  the  prick  of  a 
sharp  needle  :  a  red  point  appears,  only  to  disappear  in  a 
few  hours.  Certainly  there  has  been  as  much  tearing  of 
tissues  in  such  a  case  as  above  mentioned  as  there  is  when 
the  Gnat  settles  on  a  place  richer  in  blood,  and  with  a 
single  probing  draws  its  fill."  He  remarks  also  that 
"the  poisonous  effect  on  me,  as  proved  by  numerous 
experiments,  is  in  direct  proportion  to  the  length  of  time 
which  the  Gnat  has  occupied  in  actually  drawing  blood," 
and  argues,  perhaps  somewhat  inconsequently,  that  this 
indicates  the  constant  outpom-ing  of  some  sort  of  poisonous 
fluid  during  the  blood-sucking  process.  But  notwithstand- 
ing this,  he  was  unable  to  detect  any  channel  for  the  con- 
veyance of  poison  into  the  wound.  And,  moreover,  it  is 
difficult  to  conceive  of  a  double  flow  of  liquid-poison  down- 
w'ards  and  blood  upwards — as  taking  place  simultaneously 
within  the  narrow  compass  of  the  proboscis  of  a  Gnat  or 
Mosquito.  Or,  again,  if  the  movements  were  not  simul- 
taneous, but  a  downflow  of  poison  were  followed  by  an 
updraught  of  blood,  it  would  seem  that  the  greater  part  of 
the  poison  would  be  sucked  out  of  the  wound  almost  as 
soon  as  it  was  instilled,  and  that,  therefore,  it  could  hardly 
exercise  much  influence  upon  surrounding  tissues.     Hum- 
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boldt,  who  was  a  firm  believer  in  the  poisonous  nature  of 
the  bite,  considered  this  sucking  out  of  the  poison  to  be 
the  explanation  of  the  painlessness  of  some  wounds.  His 
experience  was  almost  the  reverse  of  that  of  Mr.  Dimmock, 
as  detaUed  above.  He  affirmed  that  if  the  insect  were 
allowed  to  suck  to  satiety  no  swelling  took  place,  and  no 
pain  was  left  behind,  and  considered  that  when  pain  was 
produced  it  resulted  from  the  hasty  interruption  of  the 
process  of  sucking,  since  then  the  last  infused  poison  would 
not  be  able  to  be  withdrawn.  He  experimented  with  one 
of  the  most  virulent  species,  allowing  it  gently  to  settle  on 
the  back  of  his  hand,  and  reports  of  it :  "I  observed  that 
the  pain,  though  violent  in  the  beginning,  diminishes  in 
proportion  as  the  insect  continues  to  suck,  and  ceases 
altogether  when  it  voluntarily  flies  away."  The  following 
experiment,  however,  seems  to  throw  some  doubt  on  the 
poison  theory  altogether.  He  says  :  "  I  wounded  my  skin 
with  a  pin,  and  rubbed  the  pricks  with  bruised  Mosquitos, 
and  no  swelling  ensued."  On  the  whole,  therefore,  it  must 
be  admitted  that  great  difliculties  beset  both  of  the  two  hypo- 
theses that  have  been  commonly  advocated  in  explanation 
of  the  swelling  and  pain  consequent  on  the  bite.  Of  course 
similar  remarks  would  apply  in  the  case  of  both  bugs  and 
fleas. 

There  seem  to  be  chiefly  two  species  of  true  Gnats  that 
infest  houses  in  this  country,  which  are  named  Cul^'.l■ 
tinnuldtits  and  ciliaris.  The  former  has  pretty  spotted 
wings,  but  must  not  be  confounded  with  another  spotted- 
winged  Gnat-like  fly  (Fig.  4)  which  is  frequently  found  in 
windows,  and  is  generally  called 
the  "  window  Gnat  "  {Bhyplms 
fenesti-dlU).  The  specific  name 
fen  est  ml  is  (from  Latin  fenfstr<t, 
a  window)  was  given  to  it  in 
consequence  of  its  usual  habit 
of  flitting  about  windows.  It 
belongs,  however,  to  a  different 
family,  and  its  habits  and  life- 
history  are  totally  unlike  those 
of  the  true  '  'ulices.  Its  larva 
is  terrestrial,  not  aquatic,  and 
lives  in  dung.  Culex  ciliaris, 
specially  known  as  the  "  House 
(inat,"  is  a  reddish  -  brown 
insect,  mth  greyish  wings. 

The  Culices,  or  true  Gnats 
and  Mosquitos,  ai'e  not  the  only 
"  thread-horned  "  flies  that 
trouble  mankind  by  sucking 
blood,  though  they  are  usually 
the  chief;  it  is  diflicult,  how- 
ever, to  give  definite  popular 
names  for  the  other  species. 
The  word  "  Midge  "  is  perhaps  most  connnonly  used  as 
a  general  term  for  them,  though  it  is  also  employed 
for  insects  of  similar  structure  but  of  less  annoying  habits. 
To  the  genera  Sitnulium  and  ('I'nitiijKKinn  belong  some  of 
the  most  annoying  of  these  persecuting  Midges,  and  some 
of  the  former  become  occasionally  almost  as  bad  a  plague 
as  the  Mosquitos  proper.  The  Sinnilia  are  also  known  as 
"  sand  flies,"  and  in  America,  where  they  have  occasioned 
great  annoyance  and  trouble  amongst  the  cattle,  they  are 
called  "Turkey  Gnats"  and  "Buffalo  Gnats."  They  are 
small,  dark-coloured  insects,  of  a  less  fragile  nature  than 
the  Culicfs,  but  still  "  thread-horned,"  and  not  therefore 
to  bo  confounded  with  any  of  the  "  short-horns,"  such  as 
the  great,  stout-bodied  "  breeze-flies,"  which  are  also 
terribly  bad  stingers.  The  flies  have  the  peculiar  habit  of 
emerging  from  the  chrysalis  beneath  the  surface  of  the 


Fio.    4. — Window    Gnat 
(Rhiiphus  fenesfralisj. 


water.  The  Ceratopor/on,  which  is  sometimes  troublesome 
in  this  country,  is  a  minute  grejnsh-brown  insect ;  it  is 
sometimes  abundant  in  marshes  and  fens,  where  the 
females  are  very  annoying. 

But  besides  these,  many  other  insects  are  eaUed  Midges, 
though  they  are  not  troublesome.  There  are,  for  example, 
first,  the  Cliironomi  or  Plumed  Gnats,  the  larvfe  of  one 
species  of  which  are  the  grotesquely  wriggling  red,  worm- 
like creatures,  found  in  ponds  and  water-butts,  and  called 
"  blood-worms."  These  are  more  uniformly  cylindrical 
than  the  larvae  of  the  Culices,  and  besides  wriggling  about 
in  the  water,  they  construct  amongst  the  mud  at  the 
bottom,  tubes  composed  of  particles  of  decayed  leaves, 
fastened  together  with  silken  threads.  The  pupa,  which 
is  similar  in  shape  to  that  of  the  Culices:,  and  has  an 
enormous  fore-part,  may  be  distinguished  by  the  pair  of 
exquisite  white  plume-like  tufts  that  project  from  the  sides 
of  that  part  of  the  body.  Each  consists  of  five  hairs, 
which  are  delicately  fringed,  so  that  the  whole  makes  a 
large  rosette.  The  pupa  usually  lies  at  the  bottom 
helplessly,  though  it  can  swim,  if  obliged ;  a  few  hours 
before  becoming  a  perfect  insect  it  mounts  to  the  surface 
to  prepare  for  the  change.  The  perfect  insects  are  called 
"  Plumed  Gnats,"  because  of  their  beautiful  antennse, 
which  are  even  more  deeply  feathered  than  those  of  the 
Culicen.  They  have  no  long  beak,  and  are  not  adorned 
with  scales  like  the  true  Gnats.  These  Chironomi  form  in 
the  air  dancing  swarms  which  usually  consist  chiefly  of 
males.  Then  there  are  the  "  Winter  Midges  "  (Tridweera) 
which  form  little  hovering  swarms  on  bright  days  during 
winter  and  spring.  These  again  are  quite  different  fi'om 
the  Gnats,  and  belong  to  the  daddy-longlegs  group.  The 
last  "  Midges "  to  which  we  shall  refer  are  the  family 
called  Pxijchidiihr,  most  exquisite,  though  minute  creatures 
(Fig.  5),  some  of  which  are  commonly  found  in  houses, 
on  the  walls,  or  running  in  little 
zigzags  up  and  down  the  windows. 
They  too  are  "  thread-horns,"  but 
can  be  easily  distinguished  from 
the  others  by  the  peculiar  shape 
and  adornment  of  the  wings. 
These  are  lancet-shaped,  and  are 
thickly  covered  with  hairs,  often 
so  distributed  as  to  form  a  pretty 
pattern,  and  this,  coupled  with  the 
fact  that  they  rest  with  wings  not 
crossed  over  their  backs  as  Gnats 
do,  but  spread  out  and  sloping  backwards  at  their  sides, 
causes  them  to  look  like  tiny  moths.  They  are  harmless 
little   creatures,    and   their  larviB  live  in  dimg. 


Fig.  5. — Midge 
(Psi/choda). 


THE    MINERALOGY   OF   METEORITES. 

l)y   \  AiGHAN   Cornish,  B.Sc,   F.C.S. 

AT  various  times  and  places,  solid  bodies  of  either  a 
metallic  or  a  stony  character  have  been  observed 
to  fall  from  the  sky,  the  occurrence,  fi-om  circum- 
stances of  time  and  place,  having  evidently  no 
connection  with  volcanic  eruptions. 
These  bodies,  termed  Meteorites,  possess  peculiarities  of 
mineral  composition  and  structure  which  alone  would 
serve  to  place  them  in  a  class  apart  from  the  ordinary 
rocks  of  the  earth's  surface.  There  are,  however,  differences 
of  character  among  Meteorites  themselves  ;  which  are  for 
convenience  classed  as — 

Sideritos,  Siderolites,  Aerolites, 

according  as  they  are  composed  principaDy  of  metallic 
constituents   (iron  alloyed  with  nickel),  of  metallic  and 


164 


KNOWLEDGE. 


[September  1,  1891. 


stony  constitnents  together,  or,  as  in  the  case  of  aeroHtes, 
of  stony  minerals  with  no  imcombined  metals.  The  first 
class,  Sideritcs,  contain  from  80  to  95  per  cent,  of  iiielcel- 
iferons  iron.  The  most  important  characteristic  of  the 
first  class  is  this  constant  association  of  nickel  with  the 
iron,  and  the  peculiar  crystalline  structure  known  as 
Widnianstiitten's  figures,  which  are  revealed  when  a  speci- 
men is  cut,  polished,  and  then  submitted  to  the  action 
of  dilute  nitric  acid.  A  prominent  peculiarity  of  the  stony 
Meteorites  is  their  rhumh-itir  structure,  that  is,  they  are 
composed  of  round  grains  imbedded  in  a  ground  mass  of 
similar  composition. 

All  Meteorites  have  a  varnish  or  glaze  on  the  sur- 
face, produced  by  their  rapid  passage  through  the  air. 
This  glaze  shows  that  the  surface  has  been  subjected  to  a 
heat  so  intense  as  to  fuse  the  material.  The  glaze  is  always 
very  thin,  pointing  to  the  fact  that  the  heating  has  been  of 
very  short  duration,  and  has  not  had  time  to  affect  the 
inner  portions. 

Such  are  the  chief  features  of  the  bodies  which  have 
been  seni  to  fall  from  the  sky.  Now  and  again,  in  different 
parts  of  the  globe,  specimens  are  found  on  the  surface 
which  show  the  same  well-known  characters.  These  frag- 
ments are  often  found  at  a  distance  fi-om  any  rocks  having 
the  least  resemblance  to  them  in  mineralogical  character, 
and  where  there  is  no  evidence  of  transport  by  ice  or  water 
as  in  the  case  of  boulders.  Such  specimens  are  placed  in 
museums  under  the  class  "  Meteorites,"  and  in  many 
instances  the  evidence  is  sufficiently  cogent  to  leave 
no  practical  doubt  of  their  origin  being  identical  with 
that  of  the  Meteorites  the  fall  of  wliich  has  been  actually 
observed. 

A  very  slight  examination  of  the  circumstances  attend- 
ing the  fall  of  Meteorites,  as.  <■.</.,  their  high  velocity,  is 
sufficient  to  show  that  they  are  not  ordinary  falling  bodies, 
but  that  they  have  come  from  regions  outside  the  Earth's 
atmosphere.  Whether  their  ultimate  origin  is  terrestrial, 
or  from  some  other  member  of  the  solar  system,  or  from 
regions  beyond  that  system,  it  is  not  so  easy  to  decide. 
The  %-iew  which  finds  most  general  acceptance  is  that  the 
Meteorites,  like  certain  systems  of  shooting  stars,  move  in 
orbits  similar  in  form  and  range  to  those  of  the  comets. 
Their  supposed  ex-terrestrial  origin  gives  a  certain  fasci- 
nation to  the  study  of  Meteorites.  Viewed  in  the  light  of 
visitors  from  other  worlds  than  ours,  the  comparison  of 
their  materials  with  the  materials  of  our  own  earth 
becomes  a  matter  of  the  highest  interest.  Hitherto,  some 
four-and-twenty  of  the  already-known  chemical  elements 
have  been  recognised  in  Meteorites,  and  no  new  element 
has  been  found  in  them.  The  principal  elementary  con- 
stituents are — 

Iron,  Phosphorus, 

Nickel,  Sulphur, 

Magnesium,  Carbon, 

Calcium,  Oxygen, 

Aluminium,  Silicon. 

The  following  occur  in  smaller  quantities  : — 

Cobalt,  Titanium, 

Manganese,  Lithium, 

Chromium,  Sodium, 

Copper,  Potassium, 

Tin,  Hydrogen, 

Antimony,  Nitrogen, 

Arsenic,  Chlorine. 

Of  these  nitrogen  and  hydrogen  occur  in  the  uncombmed 
state  as  occluded  gas.  Carbon  occurs  nncombined,  as 
graphite,  as  well  as  combined  with  oxygen.  The  following 
is  a  list  of  the  mineral  species  which  have  been  identified 
in    Meteorites   with    the   chemical    formulie   as   given   by 


P.  Groth  [Ohersiijht  der  Minm-alien).  The  names  in  italics 
indicate  species  which  have  not  been  recognised  among 
naturally-occurring  terrestrial  minerals.  Of  these  Schrei- 
bersite,Lawrencite,Rhabdite  and  Troilite  have  been  repro- 
duced in  the  laboratory. 
Anorthite.  Si,,  Al  0,,  Al  Ca. 
Augite  and  Diopside  (Si  O.j)^  Mg  Ca  ;  or, 

(Si  Oj);  (Mg,  Fe!  Ca. 
Breunnerite,  C  0^  (Mg,  Fel. 
Chromite  [(Cr,  Fe)  0„]  (Fe,  Cr). 

ThtuhreeUte  (Cr  S^).,  Fe  (crystalline  form  not  deter- 
mined). 

Enstatite  and  Bronzite  (Mg,  Fe)  Si  O3. 
Hornblende  I  Si  O.j).,  (Mg,  Fe),  Ca  (Si  Os)o     ) 
(Si  0.^)1  (Mg,  Feij  AL  (Al  O^r    j 
Labradorite,  Si,  Si  Og  Al  Na.    ) 
Sio"  Al  Os  Al  Ca.     3 
Lairmicite,  Fe  CU. 

Readily  prepared  in   the  laboratory,  but  rapidly 
oxidizes,  hence  probably  its  non-occurrence  in 
nature  under  ordinary  conditions. 
Magnetite  (Fe  0.,),  Fe. 
Ma^Miinite  [Si  6']^  Al,  (Ca  Na.^  K„). 
Crystallizes  in  the  cubic  system. 
Oldhiwite,  Ca  S. 

A  readily  oxidizable  body,  not  occurring  in  nature 
under  ordinary  conditions. 
Olivine,  Si  O,  (Mg,  Fe)„. 
(himniite. 

?  An  oxysulphide  of  Titanium  and  Calcium. 
Pvrrhotite,  Fen  Sp. 
lihohdite,  Fe-  P. 

Reproduced  by  passing  the  vapour  of  Phosphorus 
over  red-hot   iron-wire.      Crystallizes    in  the 
quadratic  system. 
S,-hrnhersite,  ?  (Fe  Ni  00)3  P. 
TrniUti',  Fe  S. 

Apparently  identical  with  the  product  obtained  by 
heating  together  iron  and  sulphur.      Crystal- 
line form  not  determined. 
Trydimite,  Si  O,. 

Trydimite  is  a   form    of  silica  not  produced   in 
presence  of  water  (as  quartz),  liut  by  igneous 
fusion. 
Graphite. 

Alloys  of  Nickel  and  Iron. 

Hydrogen,  nitrogen,  carbonic  acid  and  carbonic  oxide 
as  occluded  gases. 

Certain  soluble  salts,  occasionally,  as  the  chloride  ajid 
sulphate  of  sodium,  and  the  sulphates  of  calcium  and 
magnesium. 

The  first  information  as  to  the  mode  of  formation  of  the 
minerals  occurring  in  Meteorites  was  afiorded  by  the 
researches  of  Dr.  Sorby.  He  made  use  of  the  method  of 
studying  the  inrhixiom  which  may  be  seen  in  crystals  when 
examined  in  thin  section  under  the  microscope,  a  high 
power  being  generallj-  used  (y.  J.  Geol.  Soc,  1858).  By 
the  study  of  artificially  produced  crystals,  he  established 
the  following  facts  : — 

1.  That  when  substances  crystallize  out  from  aqueous 
solution  portions  of  the  liquid  are  included  in  the  crystal, 
forming  liquid  cavities  or  inclusions.  If  the  crystal- 
lization take  place  at  a  high  temperature  the  liquid  on 
cooling  contracts,  leading  what  is  generally  termed  a  gas 
bubble.  This  bubble  is  free  to  move.  Sometimes  the 
bubble  is  vacuous,  sometimes  it  contains  a  gas  such  as 
carbonic  acid  found  in  the  cavities  in  quartz. 

2.  When  the  nature  of  the  liquid  magma,  from  which 
a  substance  crystallizes  is  such  that  it  solidifies  at  the 
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ordinary  temperature  of  the  air,  the  appearance  of  the 
inclusions  is  very  different.  Thus  silicate  of  iron,  which 
frequently  crystallizes  out  from  the  molten  slag  of  copper 
works,  shows  ,'//"-«■.!/  inclusions  with  xtntidiuiri/  bubbles. 
Sometimes  there  is  more  than  one  bubble,  which  could 
not  be  the  case  with  a  liquid  inclusion.  In  the  case  of 
a  glassy  inclusion  with  a  bubble,  the  magma  has  cooled 
and  contracted,  leaving  a  bubble,  and  solidification  has 
ultimately  taken  place,  whereby  the  bubble  has  become 
fixed.  If,  however,  the  whole  crystal  be  heated  the 
included  slag  melts,  the  bubble  becomes  movable,  and 
generally  disappears  when  the  temperature  has  been 
raised  to  that  at  which  crystallization  took  place,  the 
liquid  having  now  expanded  so  as  to  occupy  the  whole 
of  the  cavity. 

3.  Crystals  of  other  substances  show  liotJi  glassy  inclu- 
sions and  inclusions  containing  water.  In  such  cases  the 
temperature  of  formation  was  high,  since  the  now  solid 
magma  was  then  liquid,  and  the  crystallization  must  have 
taken  place  under  great  pressure,  otherwise  the  water 
found  in  the  liquid  inclusions  would  have  been  in  the 
state  of  vapour. 

i.  Lastly,  in  crystals  formed  by  sublimation  (/.c  where 
the  substances  change  at  once  from  the  gaseous  to  the 
solid  state  without  passmg  through  the  intermediate 
condition  of  a  liquid),  the  inclusions  are  stationary  gas 
bubbles  bounded  by  the  actual  substance  of  the  crystal 
itself. 

The  type  of  inclusion  serves  therefore  to  show  by  what 
process  the  crystal  was  formed.  The  processes  obtaining 
in  the  formation  of  the  crystals  occurring  in  eruptive  rocks 
and  in  mineral  veins  are — 1.  Formation  from  aqueous 
solution.  2.  From  igneous  fusion.  3.  The  last  two  com- 
bined, which  can  only  happen  under  great  pressure. 
4.  Formation  by  sublimation.  In  studying  the  inclusions 
in  the  minerals  of  Meteorites,  Dr.  Sorby  found  glassy 
inclusions  (nih/,  neither  liquid  nor  gaseous  inclusions 
being  observed.  This  would  appear  to  show  that  the 
Meteorites  examined  were  formed  by  the  process  of 
igneous  fusion  pure  and  simple.  This  conclusion  was 
confirmed  in  186G  by  Daubree  {Oedlmjii'  K.fjwriiiiriitiilc). 
His  reproduction  by  the  method  of  igneous  fusion  ■  of  rocks 
showing  many  of  the  characteristic  minerals  of  Meteorites 
has  been  referred  to  in  a  former  article  (Knowledge,  Jul;/, 
1891).  The  brecciated  structure  of  Meteorites,  indicative 
of  violent  mechanical  disturbance  or  of  the  agglomeration 
of  heterogeneous  fragments,  was  of  course  not  shown  by 
the  products  of  the  crucible.  It  is  principally  in  such 
peculiarities  of  structure  and  of  mode  of  aggregation  of 
minerals  that  Meteorites  differ  from  some  of  the  more 
basic  eruptive  rocks,  such  as  the  diamond-bearing  rock  of 
Kimberley.  Most  nearly  approximating  to  the  sidcrolites 
and  aerolites  are  the  so-called  volcanic  bombs  which  are 
floated  up  with  the  liquid  lava  in  eruptions,  probably  from 
great  depths  below  the  earth's  surface. 

Till  recent  years  native  iron  was  believed  to 
occur  only  in  Meteorites,  and  the  constant  asso- 
ciation of  the  metal  with  nickel  was  regarded  as 
another  peculiarity  of  these  bodies.  it  has, 
however,    now     been    shown     pretty    conclusively  " 

that  the  native  iron,  found  in  large  masses  by 
Nordenskiold  in  the  Island  of  Disco,  are  of  telluric 
origin,  having  in  all  probability  been  left  by  the 
weathering  away  of  the  basalt  which  occurs  in  the 
locality.  This  basalt,  which  belongs  to  the  class 
of  the  more  basic  rocks,  is  found  to  contain 
nodules  or  balls  of  iron,  sometimes  nearly  three- 
quarters  of  an  inch  in  diameter.  This  iron  (as  in 
Meteorites)  is  alloyed  with  nickel,  and  shows  the 


Widmanstiltten  figures.  It  is  still  undecided  whether  the 
basalt  contained  the  metallic  matter  when  in  the  molten 
condition  before  eruption,  or  whether  the  presence  of  the 
free  metal  is  due  to  the  reduction  of  silicate  of  iron  by 
passage  through  beds  containing  carbonaceous  matter 
such  as  are  found  in  the  vicinity. 

According  to  a  theory  which  is  advocated  by  more  than 
one  eminent  astronomer.  Meteorites  are  Immbs  of 
ancient  terrestrial  volcanoes,  shot  into  space  in  bygone 
ages,  and  revolving  round  the  sun  in  orbits  intersecting 
that  of  the  earth,  and  hence  one  by  one  encountering  the 
eai'th,  of  which  they  thus  become  once  more  a  part.  This 
theory  of  the  origin  of  Meteorites  has  many  points  of 
advantage  over  those  which  refer  them  to  the  action  of 
volcanoes  on  other  members  of  the  solar  system.  One 
point  only  will  be  mentioned  here — namely,  that  of  bodies 
shot  out  from  any  other  planet,  only  an  exceedingly  small 
proportion  would  intersect  the  orbit  of  the  earth,  whereas 
bombs  from  a  terrestrial  volcano  would  nil  intersect  this 
path. 

Notwithstanding  the  ability  with  which  this  theory  has 
been  advocated,  the  view  is  still  generally  held  that 
Meteorites  come  from  the  further  realms  of  space,  moving 
in  cometary  orbits,  either  parabolic  or  elongated  ellipses. 
It  is  true  that  trustw'orthy  determinations  are  wanting  of 
the  velocity  of  Meteorites  in  the  highest  regions  of  the 
atmosphere,  determinations  which  would  probably  furnish 
conclusive  e\idence  on  this  point ;  but  the  paths  which 
Meteorites  follow  appear  to  be  cometary  rather  than 
planetary,  in  that  they  do  not  show  any  delinite  relation 
to  the  ecliptic.  Several  cases  have  been  known  of  the  fall 
of  Meteorites  during  a  shower  of  shooting  stars,  though 
they  have  not  been  satisfactorily  traced  to  the  radiant  of 
the  shower. 

The  question  of  ihe  existence  elsewhere  than  on  our  own 
planet  of  the  conditions  necessary  to  life,  as  life  is  known 
to  us,  is  a  subject  which  cannot  fail  to  excite  interest. 
The  mineralogical  examination  of  ISIeteorites  has  confirmed 
the  evidence  of  the  spectroscope,  that  carbon,  the  element 
which  appears  essential  to  life  on  the  earth,  is  present  else- 
where than  on  our  o\\n  planet. 


SWIMMING   ANIMALS. 

By  R.  Lydekker,  B.A.Cantab. 

{I'ontinitcil   from  jKK/r  154). 

WITH  the  Fishes,  which,  with  the  exception  of 
the  ^Vllale,  are  perhaps,  of  all  animals,  the 
most  beautifully  adapted  for  rapid  motion 
through  the  water,  we  enter  the  great  group 
of  \'ertebrates.  The  contour  of  an  ordinary 
fish,  Jsuch  as  the  Perch  (Fig.  3),  is  modelled  on  those 
lines  suited  for  cleaving  the  water  best,  through  which 
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the  fish  is  propelled  mainly  by  the  muscular  tail  with  its 
terminal  fin.  The  fins  on  the  body  act  mainly  as  balances, 
although  aidiu!,'  to  a  certain  extent  in  propulsion.  These 
body-fins  in  all  fishes  are  of  two  types,  namely — paired 
and  median.  The  number  of  paired  fins  is  two,  the 
front  pair  corresponding  with  the  fore  limbs,  and  the 
hinder  pair  with  the  hind  limbs  of  quadrupeds.  In  the 
Perch  (Fig.  3),  the  front  or  pectoral  pair  of  fins  are  seen 
immediately  behind  the  head ;  the  second  or  pelvic  pair 
being  placed  below  and  slightly  behind  the  pectoral  ones. 
In  many  other  fishes  (as  in  Fig.  4)  the  hinder  pair  of  fins 


Fig.  4. — An  Extixct  Gaxoid  I'lsn. 

occupy,  however,  a  position  corresponding  with  that  of  the 
hind  limbs  of  quadrupeds.  The  pectoral  fins,  although 
assisting  to  a  certain  extent  in  the  motion  of  the  fish 
through  the  water,  act  rather  in  directing  its  course  than 
as  propellers.  Their  chief  function  is,  however,  to  main- 
tain the  balance  of  the  body  Ln  the  water  ;  a  fish  which  has 
lost  one  of  these  fins  falling  over  to  the  opposite  side.  It 
will  be  observed  fi'om  Fig.  3  that  the  pectoral  fin  of  a 
Perch  (as  well  as  of  most  of  our  existing  fishes)  consists  of 
a  number  of  rays  spreading  out  in  a  fan-like  manner  from 
the  point  of  attachment  to  the  body.  A  totally  different 
arrangement  obtains,  however,  in  the  pectoral  fin  of  the 
extinct  fish  represented  in  Fig.  4.  Here  it  will  be  seen 
that  the  fin  consists  of  a  central  lobe  covered  with  scales, 
from  the  edges  of  which  the  fin-rays  project  as  a  deep 
fringe.  This  more  primitive  type  of  fin  is  indeed  very 
common  among  the  extinct  fishes  of  the  Palaeozoic  rocks, 
and  still  persists  in  the  Barramunda  of  the  Queensland 
rivers,  a  figure  of  which  was  given  in  the  article  on  "  Mail- 
Clad  Animals."  The  more  important  median  fins  are  the 
dorsal  on  the  back,  and  the  anal  in  front  of  the  tail. 
Ln  many  fishes  (Figs.  3  and  4)  there  are  two  dorsal 
fins,  one  in  front  of  the  other ;  the  fi'ont  one  being  often 
large  and  spiny,  and  the  hind  one  small  and  soft  (Fig.  3). 

The  tail  and  tail-fin  form,  as  we  have  said,  the  chief 
propeller  of  the  fish ;  and  it  will  be  particularly  noticed 
that  the  position  of  this  fin  is  vertical.  In  swimming,  as 
we  may  observe  in  an  aquarium  where  fish  are  kept,  the 
tail  is  rapidly  and  strongly  bent  fi-om  side  to  side,  while 
the  two  lobes  of  its  fin  have  an  undulating  motion,  and 
thus  act  like  the  blades  of  a  screw-propeller.  A  difierence 
between  the  structure  of  the  tail-fin  in  the  two  figured 
fishes  recalls  the  one  already  noticed  in  the  pectoral  fin. 
Thus  in  the  Perch  (Fig.  3)  the  scaly  part  of  the  tail  ends  in 
an  abrupt  and  almost  straight  edge,  from  which  the  rays 
of  the  tin  form  a  nearly  symmetrical  fork.  In  Fig.  4,  on 
the  other  hand,  the  scaled  part  of  the  tail  is  produced  to  a 
point,  extending  far  back  among  the  fin-rays,  which  are 
arranged  unsymmetrically  along  its  two  edges.  It  is  this 
latter  mode  of  arrangement  which  is  the  older  and  more 
primitive. 

In  certain  fishes  which  depart  more  or  less  widely  from 
the  ordinary  form  there  is  a  corresponding  modification  in 
the  shape  and  functions  of  the  fins.  For  instance,  the 
Rays  swim  almost  entirely  by  the  aid  of  the  greatly  ex- 
panded pectoral  fins,  which  have  an  undulating  motion 
very  similar  to  that  of  the  median  fins  of  ordinary  fishes. 
On  the  other  hand,  in   the  Fh-ing  Fishes  (see  "  Flying 


Animals,"  Fig.  2)  the  pectoral  fins  are  enormously  elon- 
gated, so  as  to  act  as  organs  of  spurious  flight.  Again, 
snake-like  fishes,  as  the  Eel,  swim  by  lateral  curvatures 
of  the  body,  in  the  so-called  serpentine  manner. 

Tlie  only  other  Vertebrate  animals  which  breathe  by 
means  of  gills,  and  can  therefore  be  regarded  as  primi- 
tively aquatic,  are  the  young,  or  larvfc,  of  the  Amphibians 
(Frogs,  &c.).  The  young  Tadpole,  as  we  all  know,  is  an 
ugly,  large-headed  creature,  swimming  by  means  of  lateral 
movements  of  its  taU.  This  tail  has  a  vertical  fin-like 
expansion,  differing,  however,  fi-om  the  fins  of  fishes  by 
the  absence  of  the  bony  or  car- 
tilaginous rays  found  in  the 
latter.  We  have  already  alluded 
to  the  remarkable  metamorphosis 
undergone  by  the  Tadpole,  in  the 
--  course   of  which  the   tail  is   lost, 

the  gills  are  replaced  by  lungs, 
and  the  limbs  developed.  The 
adult  Frog  is  an  instance  of  an 
animal  adapted  to  live  partly  on 
land  and  partly  in  the  water,  swimming  powerfully  in  the 
latter  element  by  the  strokes  of  its  long  hind  legs,  of  which 
the  toes  are  fully  webbed.  The  Tailed  Amphibians,  such  as 
the  Newts  and  Salamanders,  are  less  specially  modified 
than  the  Frogs,  and  may  be  completely  aquatic.  All  the 
Newts  and  Salamanders,  including  the  purely  aquatic  Giant 
Salamander  of  Japan,  lose,  however,  their  gills  in  the  adult 
state ;  but  these  are  permanently  retained  in  the  curious 
blind  Proteus  of  the  caverns  of  Carniola. 

Among  the  true  reptiles  of  the  present  day  (all  of  which 
breathe  by  means  of  hmgs  dm'ing  the  whole  of  their 
existence)  there  are  three  groups  among  which  aquatic 
forms  occur.  The  first  of  these  includes  the  Crocodiles 
and  Alligators,  which  swim  by  means  of  their  long  tail 
and  limbs.  Although  thoroughly  at  home  in  the  water, 
where  they  spend  a  large  portion  of  their  time,  the  organi- 
zation of  these  animals  has  not  been  so  modified  for  the 
exigencies  of  an  aquatic  life  as  to  depart  to  any  great 
extent  from  the  normal  type.  The  same  remark  will  apply 
with  still  more  force  to  our  Common  Snake,  which  is  an 
expert  swimmer.  In  the  Sea-Snakes,  however,  which 
pass  the  whole  of  their  life  in  the  tropical  seas,  the  tail 
assumes  a  vertically  compressed  and  paddle-like  form,  and 
is  thus  as  efficient  a  propeller  as  the  taU  of  a  fish.  These 
snakes  always  swim  on  the  surface  of  the  sea,  but  it  is 
very  doubtful  if  they  can  have  given  rise  to  the  stories  of 
the  Sea- Serpent. 

Among  the  Chelonians  the  Marine  Turtles  have  been 
especially  adapted  for  an  aquatic  life  by  the  modification 
of  their  limbs  into  oar-like  paddles  ;  although  it  is  quite 
clear  that  this  structure  is  an  acquired  one.  The  Soft 
Turtles  (Trionyces),  of  the  rivers  of  the  warmer  regions  of 
the  globe,  are  almost  equally  good  swimmers,  although 
their  feet,  with  the  exception  of  being  webbed,  retain  the 
ordinary  type  of  structure.  The  Pond-Tortoise,  now 
restricted  to  Southern  Europe,  although  occurring  in  the 
superficial  deposits  of  this  country,  is  almost  equally 
aquatic.  Indeed  all  Tortoises  (except  perhaps  the 
gigantic  ones  of  the  Galapagos  and  Mascarene  Islands) 
are  excellent  swimmers,  and  thus  aflbrd  a  good  instance 
of  how  some  members  of  a  group  have  gi-adually  adapted 
themselves  to  an  almost  completely  aquatic  life. 

If,  however,  the  Turtles  have  been  specially  modified  for 
an  aquatic  existence,  still  more  markedly  is  this  the  case 
vnth  the  extinct  Ichthyosaurs  or  Fish-Lizards  (Fig.  5). 
Since  the  structure  of  these  reptiles  has  been  fuUy 
noticed  in  a  separate  article,  we  need  only  allude  here 
to    the   peculiar    pavement-like  structure  of  the  bones  of 
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Fig.  5. — Skeleton  of  an  Ichthyosatje. 


the  paddles ;  this  being  the  extreme  modification  which 
hmbs  have  undergone  tor  the  purposes  of  an  aquatic  life. 
Since,  as  shown  by  the  absence  of  gills  and  the  indications 
of  remnants  of  a  horny  covering  to  the  body,  there  is 
abundant  evidence  that  the  Ichthyosaurs  are  descended 
from  land  animals,  they  occupy  a  position  among  Reptiles 
precisely  analogous  to  that  held  among  Mammals  by  the 
whales  of  the  present  epoch. 

The  long-necked  Plesiosaurs,  to  which  a  special  article 
in  Knowledge  has  likewise  been  devoted,  were  reptiles 
equally  weU  adapted  for  an  aquatic  existence,  but  in 
which  the  modification  of  the  limbs  into  paddles  had  not 
been  carried  to  the  same  degree  as  in  the  Ichthyosaurs. 
The  evidence  for  the  derivation  of  the  Plesiosaurs  from 
terrestrial  reptiles  is  even  fuller  than  in  the  case  of  the 
group  last  mentioned. 

Before  taking  leave  of  the  reptiles  we  have  to  allude  to 
another  totally  different  assemblage  of  extinct  aquatic 
forms,  which  were  much  more  closely  allied  to  the  existing 
Lizards,  and  many  of  which  were  of  gigantic  dimensions. 
These  creatures  are  generally  known  as  the  Mosasaurs, 
and  were  first  brought  to  notice  during  the  last  century, 
when  a  huge  skull  was  obtained  from  the  upper  Cretaceous 
beds  of  Maastricht,  on  the  Meuse  ;  the  Latin  name  of  the 
group  being  taken  from  that  river. 

These  Mosasaurs,  of  which  a  large  number  of  kinds  are 
now  known,  differ  from  the  Ichthyosaurs  and  Plesiosaurs 
in  that  the  joints  of  their  backbone,  instead  of  having  both 
front  and  back  surfaces  either  deeply  cupped  or  nearly  fiat, 
had  cup-and-ball  articulations,  the  cup  occupying  the  fi'ont 
surface.  This  type  of  structure  is  common  to  existing 
Crocodiles  and  Lizards  ;  but  whereas  in  the  former  the 
ribs  articulate  with  the  joints  of  the  backbone  by  means  of 
long  transverse  processes  jutting  out  from  them,  in  the 
latter  the  ribs  articulate  directly  with  the  aforesaid  joints. 
Now  the  Mosasaurs  have  the  latter  mode  of  articulation, 
and,  since  they  agree  with  the  modern  Lizards  in  the 
structure  of  their  skulls,  as  well  as  in  many  other  points 
of  their  bony  anatomy,  there  can  be  no  hesitation  in 
regarding  them  as  a  group  descended  from  the  ancestral 
Lizards  which  have  taken  to  an  aquatic  mode  of  life. 

The  Mosasaurs  are  confined  to  the  Cretaceous  epoch, 
and  thus  lived  side  by  side  with  the  Ichthyosaurs  for  the 
greater  part  of  their  term  of  existence,  although  they 
attained  their  maximum  development  in  the  very  highest 
Cretaceous  beds  when  the  Ichthyosaurs  and  Plesiosaurs 
seem  to  have  disappeared.  For  a  short  time,  then,  these 
creatures  appear  to  have  been  the  only  gigantic  marine 
Vertebrates,  filling  up  the  gap  left  by  the  disappearance  of 
the  Ichthyosaurs,  which  had  not  yet  been  occupied  by  the 
Whales.  They  were  of  carnivorous  habits,  as  shown  by 
their  formidable  teeth,  and,  hko  all  groups  of  Vertebrates 
which  have  taken  to  a  marine  life,  far  exceeded  in  dimen- 
sions any  of  their  terrestrial  cousins,  the  length  of  some 
of  the  species  being  as  much  as  forty  feet. 
I-  We  come  now  to  the  Birds,  several  groups  of  which  are 
exclusively  composed  of  species  speciaUy  adapted  for  an 


aquatic  life.  Swimming  birds,  as  a  rule,  support  them- 
selves on  the  surface  of  the  water,  taking  occasional  dives 
of  longer  or  shorter  duration,  and,  therefore,  have  no  need 

'  to  make  any  especial  arrangements  for  breathing.  They 
swim  by  using  their  legs  as  oars,  the  feet  being  webbed,  and 
the  toes  folding  up  as  the  foot  is  brought  forward  after  one 
stroke  to  prepare  for  a  second.  As  we  shall  see,  however, 
some  species  aid  their  swimming  wicli  their  wings.  All 
birds  that  swim  have  relatively  short  legs,  which  are  gene- 
rally placed  far  back  on  the  body,  since  this  position  gives 
the  maximum  power  in  propeUing  the  animal  through  the 
water. 

There  are  five  chief  groups  of  swimming  birds,  namely, 
the  Ducks,  Geese,  and  Swans  (Anseres) ;  the  Pelicans, 
Cormorants,  and  Darters  (Steganopodes) ;  the  Gulls  and 
Petrels  (Gavise) ;  the  Divers,  Auks,  and  Grebes  (Pygopodesl ; 

I  and  the  Penguins  (Impennes).  There  are,  however,  a  few 
members  of  other  groups,  such  as  the  Dipper  among  the 
Passerines,  and  the  Coot  among  the  Rails,  which  are  also 
expert  divers  and  swimmers.  The  circumstance,  however, 
that  in  neither  of  these  instances  is  the  foot  fully  webbed— 
that  of  the  Dipper  being  like  the  foot  of  a  Thrush,  and 
that  of  a  Coot  (Knowledge,  Oct.,  1890,  p.  236)  only  having 
web-hke  expansions  on  the  sides  of  the  toes — indicates  that 
the  habits  of  these  birds  are  of  comparatively  recent  acqui- 
sition, and  have  not  induced  any  strongly-marked  structural 
peculiarities. 

The  Anseres  include  by  far  the  greater  number  of  swim- 
ming birds,  and  the  admirable  adaptation  of  their  form  and 
structure  to  their  mode  of  life  is  so  well  known  as  to  require 
no  further  mention.  The  Pehcans  and  their  allies  differ 
from  that  group  in  that  the  web  includes  all  the  four  toes 
of  the  foot  (Fig.  C),  instead  of  only  the  three  h'ont  ones. 
In  this  group  the  Frigate  Bird 
has  a  shorter  leg  than  any 
bird  of  equal  size.  The  Dar- 
ters, or  Snake-Birds,  of  which 
there  are  four  species  found  in 
the   warmer    regions   of    the 

,  globe,  and  of  which  examples 

J  are    generally  to    be  seen  in 

I  the  Zoological  Society's  Gar- 
dens, are,  however,  those 
members  of  the  group  most 
interesting  from  our  present 
point  of  view.  These  birds 
are  found  in  fresh  waters,  and 
swim  with  the  whole  of  the 
body  submerged,  so  that  only 

the  head  and  upper  part  of  the  long  and  flexible  neck  are 
exposed.  In  this  position  they  look  not  unlike  snakes 
swimming  on  the  water,  when  seen  from  a  little  distance. 
It  does  not  appear  that  any  use  of  the  wings  is  made  in 
swimming.     The  Gulls  and  Petrels,  in  which  the  hind  toe 

.  of  the  foot  is  not  included  in  the  web,  have  longer  legs 
than  most  swimming  birds,  and  the  legs  themselves  are 
placed  nearer  the  middle  of  the  body.     Since  these  birds 


6.— WkUbed    Foot   of 
Pelican. 
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depend  mainly  upon  their  powers  of  flight  for  obtaining 
their  food,  most  of  them  only  make  use  of  the  surface  of 
the  water,  upon  which  they  float  placidly,  as  a  resting- 
place.  (To  lie  continued.) 


Prism    breaking   uji  a   ray   of   white 
from  S.  into  a  spectrum  R.T. 


ON   THE  RHYMICAL  GROUP  OF  HYDROGEN 
LINES  VISIBLE  IN  MANY  STELLAR  SPECTRA. 

By  A.  C.  Hanyasd. 

AS  all  readers  of  Knowxedge  know,  a  prism  or  wedge- 
shaped  piece  of  glass  breaks  up  a  beam  of  white 
light  into  a  series  of  coloured  beams  arranged 
fan-wise,  the  blue  or  nolet  rays  being  turned 
through  the  greatest  angle.     If  such  a  prism  be 

placed  in  front 
of  a  telescope, 
so  as  to  send 
the  refracted 
rays  from  a 
star  down  the 
axis  of  the 
telescope,  an 
observer  look- 
ing in  at  the 
eye  end  will 
see  the  image 
of  the  star 
spread  out  into 
a  narrow  line 
of  light,  blueat 

one  end  and  red  at  the  other.  This  narrow  band  or  spectrum 
is  not  continuous,  but  is  interrupted  by  small  dark  gaps, 
which  are  not  very  easy  to  see — but  if  the  narrow  spectral 
band  of  light  is  made  to  appear  a  little  broader  by  looking 
at  it  with  a  cylindrical  lens,  the  dark  gaps  become  visible 
as  lines  across  the  spectrum,  and  appear  similar  to  the 
dark  lines  across  the  Stellar  spectra  shown  on  the  plate. 

The  spectra  reproduced  in  the  plate  were,  however, 
photographed  without  a  cylindrical  lens.  The  narrow 
spectral  streak  of  coloured  light  was  turned  so  as  to  be  at 
right  angles  to  the  direction  of  the  star's  diurnal  motion, 
and  by  slowing  the  driving  clock  of  the  telescope  the 
spectral  streak  was  caused  to  sweep  across  the  sensitive 
plate  in  a  direction  at  right  angles  to  its  length,  thus 
producing  a  trail  or  trace  with  dark  lines  across  it, 
corresponding  to  the  dark  gaps  in  the  spectral  streak.  The 
upper  four  Stellar  spectra  on  the  plate  are  from  photo- 
graphs kindly  given  me  by  the  Brothers  Henry,  and  the 
lower  fom'  are  copied  from  photographs  published  by 
Prof.  E.  C.  Pickering  in  connection  with  the  spectro- 
scopic work  of  the  Draper  memorial. 

The  method  of  observing  Stellar  spectra  with  a  prism  in 
front  of  the  object-glass,  and  a  cylindrical  lens,  was  devised 

by  Fraunhofer — nearly 
80  years  ago — in  1814. 
This  remarkable  man* 
turned  a  telescope  with 
a  prism  in  fiont  of  the 
object-glass  to  the  stars, 
and  noted  some  of  the 
chief  variations  in  their 
spectra.  He  found  that 
the  spectrum  of  Pollux 
closely  resembled  the 
spectrum  of  our  Sun, 
while  there  were  re- 
cognizable   differences 


Prism  in  front  of  Object-glas; 


*  Fraimhofer   greatl_v    improved   the    achromatic    telescope.       He 
succeeded,  after  many  eiperiments,  in  making  the  first  large  achromatic 


in  the  spectra  of  Capella,  Betelgeuse  and  Procyon- — they 
were  all  crossed  by  narrow  dark  lines,  some  of  which  he 
identified  with  solar  lines.  On  the  other  hand,  the  spectra 
of  Sirius  and  Castor  were  seen  to  be  of  a  different  type, 
and  to  be  crossed  by  three  massive  dark  bars,  two  in  the 
blue  .and  one  in  the  green. 

After  a  lapse  of  45  years  Prof.  Kirchhoff,  of  Heidelberg, 
found  a  key  which  enabled  him  partially  to  read  the  hiero- 
glyphic language  of  the  Fraunhofer  lines,  but  much  more 
remains  still  undeciphered  until  some  Daniel  shall  arise 
who  can  intei-pret  the  story  clearly  written  in  letters  of 
light  upon  the  heavens.  Kirchhoff  passed  a  beam  of  sun- 
light across  a  space  occupied  by  burning  sodium  vapour, 
and  perceived  with  astonishment  that  the  dark  Fraunhofer 
line  D,  instead  of  being  blotted  out  by  the  luminous  rays 
of  the  same  refrangibility  as  that  given  out  by  the  flame, 
were  rendered  blacker  and  thicker  by  the  superposition. 
He  tried  the  same  experiment,  substituting  the  continuous 
spectrum  derived  from  the  light  of  a  Drummond  lamp  for 
sunlight,  but  a  dark  line,  corresponding  in  every  respect 
to  the  solar  D  line,  was  seen  to  cross  the  spectrum.  The 
inference  was  irresistible  that  these  dark  lines  were  pro- 
duced by  absorption  of  light  corresponding  in  wave-length 
to  the  bright  lines  given  out  by  the  vapour,  and  that  there 
must  be  an  absorbing  layer  ol  sodium  vapour  about  the 
Sun.  This  discovery  was  quickly  followed  up  by  the 
examination  in  the  laboratory,  by  Prof.  Kirchhoff,  of  the 
bright  lines  from  other  incandescent  metallic  vapours,  and 
many  of  the  bright  lines  from  such  vapours  were  identified 
with  dark  lines  in  the  Solar  spectrum.  But  in  spite  of  all 
the  work  done  by  Prof.  Kirchhoff'  and  his  assiduous  pupil, 
Dr.  Bunsen,  and  in  sjjite  of  all  the  careful  measuring  and 
photographing  of  the  lines  in  the  spectra  of  terrestrial 
elements  since  their  day,  not  one-fourth  of  the  dark  lines 
of  the  Solar  spectrum  have  as  yet  been  identified  with 
lines  in  the  spectra  of  terrestrial  elements  ;  and  there  are 
many  mysterious  discrepancies  between  the  spectra  of  the 
elements,  as  observable  under  laboratory  conditions,  and 
the  corresponding  dark  hues  of  the  Solar  spectrum.  We 
are,  therefore,  very  far  from  having  read  the  riddle  of  the 
Solar  spectrum,  and  we  are  much  further  fi'om  having 
learnt  aU  that  may  be  deciphered  from  the  spectra  of  the 
stars. 

Soon  after  the  publication  of  Kirchhofi''s  and  Bunsen's 
results.  Father  Secchi  set  himself  to  the  task  of  making  a 
spectroscopic  survey  of  the  heavens.  He  examined  the 
spectra  of  4000  stars,  and  grouped  them  into  four  great 
classes,  with  the  first  of  which  we  are  at  present  more 
especially  concerned.  It  contained  Sirius  and  Vega,  and 
more  than  half  of  the  stars,  which  he  examined.  Their 
spectra  are  characterized  by  the  great  strength  of  the 
hydrogen  lines,  which  are  wide,  hazy  bands,  much  like 
the  H  and  K  of  the  Solar  spectrum,  though  these  lines  in 
the  Solar  spectrum  do  not  belong  to  hydrogen  but  to 
calcium,  an  element  which  is  closely  associated  with 
hydrogen  in  the  Solar  prominences,  but  it  is  very 
different  from  it  in  atomic  weight  and  chemical  qualities. 


object-glass  of  high  quality  and  finish.  Tt  was  secured  by  the  elder 
Strave  for  the  Russian  Grorernment,  and  was  long  known  as  the  "  great 
Dorpat  refractor,"  though  it  was  only  9\  inches  in  diameter,  and  was 
of  14  feet  focal  length.  He  discovered  nearly  a  thousand  lines  in 
the  Solar  Spectrum,  and  mapped  576  of  them,  naming  the  ])rincipal 
ones  by  the  letters  of  the  alphabet.  He  recognized  the  double  D  line 
in  many  Terrestrial  Spectra,  and  noted  the  identity  of  its  place  with 
the  solar  D  lines,  though  the  true  interpretation  of  the  coincidence 
was  not  recognized  for  more  than  40  years  after  he  had  laid  such 
ample  foundations  for  the  deductions  of  modem  spectrum  analysis. 
After  many  ingenious  experiments,  he  succeeded  in  making  a 
diffraction  gi-ating,  which  showed  him  the  lines  in  the  normal 
spectrum. 
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Spectbum  of  Altaih,  taken  by  the  Brothers  Hejjbt  with  a  Flint  Glass  Prism  of  45°. 

Spectrum  of  ARCTrEUS,  taken  bi/  the  Brothers  Henry  with  a  Flint  Glass  Prism  of  43' 
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Spectrum  of  a  Caxis  Majoris,  taken  bj/  Prof.  E.  C.  Pickering  with  4  Flint  Glass  Prisms  of  10" 
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Spectettm  of  a  Canis  Minoeis,  taken  by  Prof.  E.  C.  Pickering  tuith  4  Flint  Glass  Prisms  of  10° 
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In  the  spectra  of  the  stars  of  Seochi's  first  type  the  K  line 
is  generally  faint,  and  it  is  sometimes  entirely  absent. 

As  early  as  1863  Dr.  Huggins  attempted  to  photograph 
the  spectrum  of  Vega,  and  succeeded  in  getting  an 
impression  of  the  spectrum,  but  without  any  of  the  lines. 
In  1872  Dr.  Henry  Draper,  at  Dobbs's  Ferry,  on  the 
Hudson,  succeeded  in  obtaining  a  photograph  of  the 
spectrum  of  Vega,  showing,  for  the  first  time,  four  of 
its  hydrogen  lines.*  The  introduction  of  more  sensitive 
dry  plates  in  1870  induced  Dr.  Huggins  to  turn  again 
to  the  photography  of  Stellar  spectra,  and  ho  soon 
succeeded  in  obtainmg  pictures  showing  many  lines. 

In  a  paper  published  in  the  PhUoxDjihind  Tmnsiiction-s 
for  1880  on  "  The  Photographic  Spectra  of  Stars,"  he  called 
attention  to  the  arrangement  of  twelve  strong  lines  in  the 
spectrum  of  Vega.  Eemarking  that  the  group  possesses 
a  distinctly  symmetrical  character,  as  the  refrangibility 
increases  the  lines  diminish  in  breadth,  and  the  distance 
between  any  two  adjacent  lines  is  less  ;  and  he  hazarded 
the  suggestion  that  the  lines  must  be  "  intimately  con- 
nected with  one  another  and  present  the  spectrum  of  one 
substance." 
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Two  of  them  may  be  seen  in  our  reproduction,  though 
they  are  very  faint,  and  only  just  visible.  There  is  a  spot 
on  the  line  t,  corresponding  to  a  flaw  on  the  negative  of 
the  Brothers  Henry,  which  will  enable  the  line  t  to  be 
easily  identified,  and  the  two  faint  lines  will  be  seen 
beyond  it,  making  in  all  sixteen  J  lines  which  can  be 
counted  on  our  reproduction. 

All  the  lines  of  the  group  are  of  the  same  character, 
that  is  to  say,  they  are  broad  and  winged  at  the  edges, 
and  they  become  less  intense  and  better  defined  in  the 
order  of  their  refrangibility.  At  the  date  of  Dr.  Huggins' 
paper  in  1880,  the  lines  of  the  hydrogen  spectrum  had 
only  been  photographed  in  the  laboratory  as  far  as  S,  and 
their  wave-lengths  as  given  by  Dr.  H.  W.  Vogel  corresponded 
within  the  limits  of  probable  error  with  the  wave-lengths 
of  the. typical  lines  measured  by  Dr.  Huggins. 

Vogel's  numbers.  Dr.  Huggins'  numbers. 

H  A  3908  X  3968 

a.     3887  3887-5 

13      3831  3834 

7  3795  8795 

8  3769  3767-5 


a  Lyrse. 
Sirius. 

ilajoris. 
"  Virginis. 
"  Aquilse. 
a  C.vgni. 


Diagram  sliowing  tlie  relative  intensity  of  the  lines  of  the  Hydrogen  Spectrum  in  six  Stellar  Speetra,  photographed  by  Dr.  Huggiiis, 
copied  from  his'jiaper  on  the  Photographic  Spectra  of  Stars  in  the  Phil.  Ti-aiis.  for  ]SSO. 


In  this  paper  Dr.  Huggins  designates  the  nine  most 
refrangible  of  the  twelve  lines  photographed  by  him  by 
the  Greek  letters,  a,  yS,  7,  &c,  t  being  the  last  one  seen  on 
his  photographs.  He  adds :  "  A  cu'cumstance  of  great 
importance  is  the  entire  absence  of  any  lines  in  the  spec- 
trum beyond  i.  The  spectrum,  which  then  becomes 
continuous,  is  strong,  and  extends  beyond  S  in  the  ultra 
violet.  In  solar  photographs,  taken  with  the  same 
apparatus,  the  lines  in  this  region  are  well  defined  for 
some  distance  beyond  S,  and  therefore  this  abrupt  cessation 
of  lines  cannot  be  referred  to  an  instrumental  cause." 

Dr.  Huggins  seems  to  have  thought  it  strange  that  the 
group  of  lines  was  not  continued  further,  and  that  if  the 
lines  belonged  to  a  degrading  series,  and  were  due  to  a 
common  physical  cause,  the  group  ought  not  to  end 
abruptly  •at  i.  His  suspicion  has  been  confirmed,  for  the 
photograph  of  the  ]5rothers  Henry,  from  which  the  upper- 
most spectrum  on  the  plate  has  been  copied,  shows  at 
least  t    three  more  lines  on  the  more  refrangible  side  of  t. 


*  The  photographic  record  of  Dr.  Henry  Draper,  and  his  father, 
Dr.  J.  W.  Drajjcr,  is  vei'y  remarkable.  The  father,  nearly  half  a 
century  a^o,  olitiiined  (he  first  |iho(ogra])h  of  a  liunian  being,  as  well 
as  tlic  lirst  photc)gra|ili  of  the  Solar  s|«-ctruni,  and  the  son  obtained 
the  first  |ihotograph  of  a  ncl>ula  (tlie  ( )ri.in  nebula,  which  was  photo- 
graphed by  hiui  on  (lie  night  of  the  TOth  September,  1880).  as  well 
as  the  fir.st  photograj)!!  of  a  Stellar  spectrum  showing  lines. 

t  Prof.  Geo.  K.  Hale,  with  whom  I  have  bad  the  advantage  of 
examiuingtlic|)botograiihsgiven  mcbythe  Hrolbers  Henry. ])ointe(l  out 
four  lines  beyond  Dr.  Huggins'  line  sand  tlu>u;;lit  tliat  he  saw  a 
suspicion  of  a  fifth  line. 


On  the  strength  of  this  evidence,  Mr.  Johnstone  Stoney 
wrote  in  a  note  published  with  Dr.  Huggins'  paper  : — 

"  There  can  remain  very  little  doubt  that  your  typical 
lines  are  due  to  hydrogen.  The  evidence  of  their  all  being 
members  of  one  physical  system  is  made  very  plain  when 
their  positions  are  plotted  down,  for  it  then  becomes  con- 
spicuous that  they  lie  on,  or  very  near  a  definite  cm.-ve, 
which  could  not  happen  by  chance. 

"  This  (question  of  whether  they  lie  aotuaUy  on,  or  only 
near  a  deQnite  curve  is,  if  I  mistake  not,  of  very  great 
significance  in  the  theory.  If  they  lie  mi  a  curve  obeying 
any  exact  mathematical  law  their  connection  must,  I  think, 
be  attributed  to  their  corresponding  to  the  ro/isirutiiv  partial 
tones  of  some  vibrating  system  (like  those  of  an  elastic  rod 
or  bell,  for  example).  If,  on  the  other  hand,  they  lie  near 
but  not  on  the  curve,  this  circumstance  would  support  the 
hypothesis  that  the  visible  lines  are  members  of  harmonic 
series,  most  of  the  members  of  which  are  innsible,  those 
only  being  seen  whose  positions  chance  nearly  to  fulfil  a 
definite  condition.'' 

Mr.  Jolmstone  Stoney  converts  Dr.  Huggins'  wave- 
lengths into  wave-frequencies  in  air,  and  comes  to  the  con- 
clusion that  assuming  that  the  irregularities  in  the  second 
differences  cannot  be  referred  to  errors  of  observation,  the 
positions  of  the  lines  ilo  not  lie  oh  but  lie  near  to  a  dejinite  curve. 


t  Thi.s  includes  the 
spectrum,  and  the  V 
photograph. 


K  line,  which  does  not  belong  to  the  hydrogen 
liiu'.   Hbich  was  not  shown  in  Dr.  Huggins' 
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He  then  points  out  that  the  wave-lengths  of  H  and  the 
hne  near  G  ai-e  connected  harmonically,  being  exactly  the 
85th  and  32nd  harmonics  of  a  vibration  whose  fundamental 
is  y2--^-3  when  t  is  the  time  in  which  hght  travels  a 
millimetre  in  air — a  connection  which  is  rather  far  fetched 
and  unsatisfactory. 

One  of  the  most  remarkable  facts  with  regard  to  the 
vibrations  of  molecules  which  become  visible  to  us  as  lines 
in  the  spectrum  is  that  no  simple  harmonics  are  observed. 
Very  good  photographs  of  the  solar  spectrum  have  been 
taken,  extending  from  above  wave-length  3000  tenth-metres 
to  below  wave-length  8500  tenth-metres,  but  no  repeti- 
tions of  the  lines  and  groups  of  lines  are  found  to  exist  at 
positions  in  the  spectrum  corresponding  to  double  the 
wave-length,  or  at  two-thirds  or  any  other  simple  multiple  of 
the  wave-length,  as  would  probably  be  the  case  if  a 
molecule  was  constituted  like  a  bell  or  a  tuning- 
fork,  and  gave  out  overtones  corresponding  to  the 
chief  vibrations  with  which  it  was  pulsating. 

Much  interest  naturally  attaches  to  any  relations 
that  may  be  noted  between  the  wave-lengths  given 
out  by  an  element,  as  they  may  teach  us  something 
with  regard  to  the  internal  architecture  of  mole- 
cules. The  strange  groups  of  lines  in  the  Solar 
spectrum  and  the  numerous  similar  pairs  and 
triplets  indicate  that  there  must  be  many  such 
co-related  lines,  but  the  exact  law  of  relationship 
needs  to  be  worked  out  and  traced  back  to  its 
probable  physical  cause. 

Some  slight  advances  have  been  made  in  this 
direction.  Prof.  Hartley  has  called  attention  to 
a  most  remarkable  relation  connecting  the  lines 
hi  the  series  of  triplets  in  the  spectra  of  magnesium, 
zinc  and  cadmium.  He  corrected  the  wave-lengths 
for  atmospheric  refraction  and  then  calculated  the 
wave-frequency,  and  foimd  that  the  difi'erences  of 
these  frequencies  for  each  triplet  in  any  one  series 
is  a  constant  quantity  within  the  limits  of  probable 
error  of  the  observations  used.  That  some  such 
relation  exists  between  the  wave-lengths  of  the  lines 
of  the  hydrogen  spectrum  was  evident  from  the  date 
of  the  publication  of  Dr.  Huggins"  paper. 

In  1885  -J.  .J.  Balmer''-  gave  a  formula  for  con- 
necting the  wave-lengths  of  this  group  of  lines  of 
the  hydrogen  spectrum  which  approximately  agreed 
with  the  positions  of  the  lines  as  then  known,  and 
subsequent  observations  have  shown  that  the 
formula  is  remarkablv  accurate.  Balmer's  formula 


experiments,  taking  every  precaution  in  the  measurement 
of  the  positions  of  the  lines,  and  his  places  agree  remark- 
ably well  with  Balmer's  formula  when  they  are  corrected 
so  as  to  correspond  with  the  refractive  indexes  in  vacuo. 
Prof.  Ames  remarks  that  he  was  entirely  unable  to  obtain 
the  Stellar  series  of  lines  by  itself,  although  he  says  "  I  am 
confident  my  hydrogen  was  pure  and  I  varied  the  tubes, 
the  current,  the  vacuum,  and  the  exposure.  I  also  intro- 
duced large  condensers  without  any  noticeable  change." 
We  therefore  do  not  seem  at  present  to  be  able  to  imitate 
in  the  laboratory  the  conditions  imder  which  hydrogen 
exists  in  stars  having  the  first  type  of  spectra,  and  the 
same  remark  applies  to  nearly  all  the  spectra  of  elements 
recognizable  in  the  Solar  spectrum. 

The  accuracy  of  Prof.  Anies'  measures  are  confirmed  by 
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Diagram  illustrating  the  relation  of  tlie  WaTp-LengtlisJof  the  Stellar  Series  of 
Lines  in  the  Spectrum  of   Hydrogen. 


where  m  takes  in  succession  the  values  3,  4,  5,  &c.  The 
value  of  X,  given  by  making  m  equal  3,  corresponds  to  the 
wave-length  of  the  C  line  ;  m  =  4  gives  the  wave-length 
for  the  F  line,  and  so  on. 

Prof.  J.  S.  Ames,  Assistant  in  Physics  at  .John  Hop- 
kins University,  has,  in  a  very  important  paper  published 
in  the  Phil.  Mni/.  for  July,  1890,  given  an  account  of  his 
verification  of  this  formula.  Coruu  +  and  HasselbergJ  had 
already  examined  the  spectrum  of  hydrogen  in  the 
laboratory,  under  various  conditions  of  electrical  ten- 
sion, and  had  succeeded  in  getting  all  the  hnes  of 
the  Stellar  series  as  far  as  6,  as  well  as  many  other 
lines  Which  are  spoken  of  as  belonging  to  the  "  secon- 
dary "  spectrum  of  hydrogen.     Prof.  Ames  repeated  their 


their  agreement  with  Prof.  George  Hale's  measures  of  the 
positions  of  the  hydrogen  lines  in  the  Solar  Prominences, 
which   are   given    below,  i;      There   is  some  shght  doubt 


•  Wied.  Ann.  xxv.  1855. 
t  Jotir.  de  Phys.  [10]  t.  1886. 

X  Mem.  de  VAcad.  Imp.  St.  Fetersb.,  xxx.  p.  7  (lf82),  xxxi.  p.  14. 
Bull,  de  I'Acad.  Imp.  lit.  Petersh.  xi.  p.  203  (1884). 


§  Positions  of  lines 

in  the  hydrogen  spectrum  as  measured  bj- 

Ames. 

IIasselbekg. 

CoKNtJ. 

Huggins. 

Hale. 

C 

636.3-04 
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4861-49 

4860-60 

Oi 

4340-66 

4340-06 

4339-5 
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411)1  S-, 

4101-18 

4101-0 

4101-0 

H 

3970-:;5 

3968-9 

3968-9 

3970-11 

3S89-ir, 

3887-8 

3887-5 

3889-14 
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3835  (i 
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375015 

3749-3 
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37206 
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3711-9 

3710-7 

3707-5 
3699-0 
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for  atmospheric  refraction,  but 
by  Prof.  Ames,  we  liave 

Places  observed  by 
Ames,      corrected 
for   atmospheric 
refraction. 
G5G-1-97 
4862-93 
4342-00 
4103-11 
3971-40 
3890-3 
3836-8 
3799-2 
3771-9 
3751-3 
3735-3 
3722-8 
3712-9 


about  the  proper  correction 
using  the  numbers  adopted 

Places  calculated 
=  3647-20  J?^^ 

C  6564-96 

F  4862-93 
Gi  4341-90 

h  4103-10 

H  3971-4 

a  3890-3 

fi  3886-7 

7  3799-2 

S  3771-9 

s  3751-4 

K  3735-6 

V,  3723-2 

5  3713-2 

The  positions  of  the  next  three  lines,  t,  k,  and  A,  calculated 
from  Balmer's  formula,  are  3705-1,  3698-5,  and  3692-9, 
"which  agrees  very  satisfactorily  with  the  positions  of  the 
lines  shown  on  the  photograxsh  of  the  spectrum  of  Vega 
given  me  by  the  Brothers  Henry. 

We  may,  therefore,  feel  some  confidence  that  Balmer's 
formula  corresponds  to  a  physical  fact,  and  that  one  series 
of  tremors  with  which  the  hydrogen  molecule  vibrates 
when  it  is  disturbed,  are  related  so  that  the  length  of 
the  waves  produced,  when  jjlotted  as  in  the  diagram, 
fall  upon  a  curve  having  an  asymptote  at  wave-length 
3647-20. 

If  m  be  made  equal  to  1  in  the  formula,  we  get  an 
infinite  value  for  A ;  which  indicates  that  there  ought  to 
be  one  line  of  the  series  forming  the  limit  of  the  spectrum 
at  the  extreme  red  end.  When  m  is  made  equal  to  1,  we 
get  A=  —  1215-4.  It  would  be  interesting  to  determine 
whether  this  negative  value  of  the  wave-length  may  be 
interpreted  as  meaning  a  wave  of  opposite  phase.  If  so, 
we  should  expect  to  find  a  line  of  the  series  at  wave-length 
1215-4,  a  region  of  the  spectrum  which  has  not  yet  been 
explored. 


Notices  of  Boolis. 


I'dimhir  Ash-diKiiiiij  :  A  svrii's  <if  l.n turfs  ,li'liirn,l  'it 
Ipsiriih  by  Sir  George  I'liddell  Airy,  K.C.B.,  Astronomer 
Royal,  revised  by  H.  H.  Turner,  M.A.,  B.Sc,  Chief  Assist- 
ant Royal  Observatory,  Greenwich.  These  lectures  of  Sir 
G.  B.  Aii-y  are  a  model  of  clear  and  simple  ex]iosition. 
They  were  delivered  more  than  forty  years  ago  (in  March, 
1847)  to  the  members  of  the  Ipswich  Museum  and  tlicir 
friends,  and  were,  as  Sir  Cr.  B.  Airy  explained  at  the  time, 
intended  to  be  understood  by  working  men.  That  he  sue- 
coeded  in  making  the  somewhat  difficult  and  dry  subjects 
that  he  dealt  with  interesting  is  attested  by  the  fact  that 
the  book  has  passed  through  six  editions,  and  that  now  a 
seventh  is  called  for.  The  instnuucnts  used  in  observa- 
tories have  so  changed  since  the  date  when  the  lectures 
were  delivered  that  Mr.  Turner  has  had  a  difficult  task  in 
making  the  necessary  alterations  in  the  text  without  sug- 
gesting anachronisms  or  greatly  altering  the  form  in  whieli 
the  lectures  were  delivered,  but  he  has  done  his  work  with 
great  discretion,  and  has  added  some  interesting  notes. 
Amongst  the  many  "Popular  Astronomies"  which  have 
been  written  it  would  still  be  difficult  to  select  a  better 


book  to  give  to  young  people  whose  interest  in  Astronomy 
is  dawning. 

Pictor'ud  Astronoini/.  By  G.  F.  Chambers,  F.R.A.S. — 
Mr.  Chambers  has  barely  finished  working  upon  his  en- 
larged edition  of  the  "  Descriptive  Astronomy,"  when  he 
gives  us  another  entirely  new  volume,  intended  for 
beginners  in  Astronomy.  It  is  profusely  illustrated,  and 
contains  a  great  deal  of  valuable  information,  with  some 
useful  tables  and  practical  suggestions  for  those  who 
meditate  setting  up  a  small  observatory,  but  the  drawings 
of  observatories  and  instruments  are  mostly  of  very  old- 
fashioned  type.  In  fact  all  the  illustrations  are  antiquated, 
and  we  recognize  most  of  them  as  old  friends,  which  have 
done  yeoman's  sernce  in  the  teacliing  of  Astronomy. 
But  the  strength  of  Mr.  Chambers'  books  never  lays  in 
their  illustrations. 

Outlines  of  Field  (ieoUniy.  By  Sir  Akchibald  Geikie, 
F.R.S.  Fourth  edition.  (Macmillan.) — Among  the  many 
works  of  this  distinguished  author,  few  are  more  welcome 
than  this  new  and  much  enlarged  edition  of  his  well-known 
"  Field  Geology."  Two  lectures  upon  geological  maps  and 
instruments  of  surveying,  delivered  in  1876,  and  published 
in  pamphlet  form  in  the  same  year,  were  the  source  from 
which  this  book  took  its  origin.  In  1879  a  second  edition 
appeared  in  a  more  permanent  shape,  so  much  enlarged 
and  re-cast  as  to  constitute  a  new  book,  of  which  the 
present  edition  is  a  still  further  improved  form.  As  the 
author  says  in  the  preface,  his  aim  has  been  to  write  for 
the  large  body  of  readers  who,  though  possessing  some 
general  acquaintance  with  Geology,  find  themselves  helpless 
when  they  try  to  interpret  the  facts  which  they  meet  with 
in  the  field.  Sir  Archibald  acts  as  a  most  interesting 
interpreter  to  them  as  they  examine  the  rocks  exposed  in 
quarries,  ravines,  or  sea-shores  ;  and  there  can  be  no 
ctoubt  that  anyone  who  follows  his  instructions,  and 
observes  according  to  his  rules,  will  find  himself  in  a  fair 
way  to  understanding  the  geological  structure  and  historj- 
of  the  particular  district  m  which  he  is  interested.  It  is 
needless  to  say  that  the  writing  is  clear  and  concise 
throughout.  We  have  only  space  to  refer  to  the  more 
interesting  parts  of  the  book,  and  to  those  in  which  some 
of  the  most  recent  results  of  geological  science  are  intro- 
duced. Beginners,  who  are  usually  rather  hazj'  in  their 
ideas  of  the  difl'erent  rocks  composing  the  earth's  surface, 
should  carefully  study  the  excellent  chapter  on  the  deter- 
mination of  rocks,  if  they  wish  to  be  saved  from  endless 
mistakes.  The  chapters  on  the  tracing  of  boundary  lines, 
and  the  unravelling  of  geological  structure,  contain  many 
useful  hints,  the  result  of  the  author's  wide  experience  in 
geological  surveying.  One  of  the  best  chapters  in  the 
book  is  that  in  which  the  igneous  rocks,  and  their  modes  of 
occurrence,  are  described.  In  the  chapter  on  schistose 
rocks  and  mhieral  veins,  we  find  references  to  some  very 
interesting  recent  discoveries  about  the  sheering  and 
crushing  of  rocks.  The  schistose  rocks  have  been  sub- 
jected to  enormous  pressure,  and  extensive  deformation 
has  taken  place;  thus,  in  some  conglomerates  the  pebbles 
have  been  crushed  and  flattened,  and  even  pulled  out  of 
shape,  whilst  their  sandy  or  gravelly  matrix  has  been 
converted  into  a  schist.  A  crystallization  of  the  crushed 
material  has  taken  place  along  the  planes  of  sheering  or 
cleavage,  thus  causing  foliation.  Igneous  rocks,  too,  have 
sufi'ered  in  the  same  way.  Dykes  of  basic  rocks,  such  as 
basalt,  have  been  changed  into  fissile  hornblende  schists  ! 
In  chapter  X.,  the  wonderful  thrust-planes  in  the  north- 
west of  Scotland  are  referred  to.  Sonic  of  the  rocks 
of  that  district  have  been  pushed  for  many  miles  over 
others. 
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Manual  of  Assayin;/.  By  Walter  Lee  Brown,  B.Sc.  ; 
Revised,  CoiTected,  and  considerably  Enlarged  by  A.  B. 
Griffiths,  Pli.D.,  F.R.S.  (London:  W.  Heinemann. 
1H90. )  Mr.  Brown's  manual,  of  which  this  work  is  a 
revised  edition,  is  well  known  to  practical  assayers,  though 
its  reputation  has  probably  been  greater  in  the  United 
States  than  in  this  country.  Dr.  Griffiths  has  improved 
the  work  in  several  respects,  and  has  added  an  important 
chapter  on  Fuel.  We  could  have  wished  that  more  use 
had  been  made  of  the  great  work  by  Dr.  Percy,  certainly 
a  higher  authority  than  Mitchell's  manual,  to  which  the 
author  frequently  refers  ;  and  perhaps  some  of  the  illus- 
trations might  with  advantage  have  been  replaced  by 
new  ones.  One  drawback  with  regard  to  the  drawings  repre- 
senting instruments  and  apparatus  is  that  they  are  not  on 
anything  like  a  uniform  scale— no  one  could  form  a  correct 
idea  of  the  relative  sizes  of  the  things  themselves  from  the 
woodcuts :  I'.i/.,  the  hammer  and  anvil  on  page  69,  and  the 
cupel  on  ijage  63.  The  different  processes  employed  by 
the  assay er  are  carefully  and  clearly  described,  and  the 
various  possible  causes  of  failure  in  obtaining  trustworthy 
results  are,  in  most  cases,  sufficiently  indicated.  Part  I. 
deals  with  apparatus  and  re-agents,  and  is  divided  into 
three  chapters,  in  which  descriptions  are  given  of  the 
implements  used  for  pulverizing,  sampling,  &c.,  scales  and 
balances,  weights,  furnace  tools ;  also  wet  and  dry  re- 
agents for  assaying.  Then  follow  descriptions  of  certain 
processes,  such  as  the  testing  of  lithage  for  silver,  the 
testing  of  lead  for  silver,  and  the  determination  of  the 
reducing  and  oxidizing  of  certain  agents.  These  descrip- 
tions, which  are  thoroughly  practical,  are  largely  helped 
by  numerous  Olustratious  of  apparatus  and  instruments. 
Perhaps  the  most  valuable  feature  of  the  book  is  the  way 
in  which  the  numerical  examples  of  assaying  are  worked 
out  in  several  places  in  the  body  of  the  treatise  itself  and 
in  the  appendix.  These  will  doubtless  be  appreciated  by 
such  students  as  may  be  endeavoimng  to  prepare  them- 
selves by  self-tuition  for  future  practical  work  as  assayers. 
We  quote  the  following  passage  as  an  example  to  show  the 
practical  nature  of  the  book  :  "  Absolutely  accurate  assays 
of  gold  and  silver  bullion  require  care,  skill,  and  first-class 
apparatus.  The  skill  may  soon  be  acquired  by  practice, 
but  the  apparatus  must  not  only  be  of  the  best  quality,  but 
must  be  kept  in  the  most  perfect  state  of  adjustment.  It  is 
not  enough  to  purchase  chemicals  which  are  marked  '  pure,' 
or  a  balance  supposed  to  be  accurate  :  the  chemicals  must 
be  tested,  and  the  accuracy  and  adjustment  of  the  balance 
and  weights  verified,  before  correct  results  can  be  obtained." 
The  appendix  concludes  with  lists  of  the  principal  gold, 
silver,  copper,  and  lead  minerals,  a  list  of  useful  books 
connected  with  the  subject,  a  plan  of  a  laboratory,  outfit, 
tables  of  weights  and  assay  ton  equivalents. 

Coal,  anil  what  we  c/i-t  from  it :  a  Romance  of  Science. 
By  E.tPHAEL  Mendola,  F.R.S.  This  very  instructive  little 
treatise  is  one  of  the  "  Romance  of  Science  Series," 
published  by  the  S.P.C.K.,  and  the  name  of  its  author  is 
sufficient  guarantee  for  thoroughness  and  accuracy. 
Though  some  readers  might  perhaps  be  somewhat  repelled 
at  first  by  the  long  names  given  to  carbon  compounds,  yet 
we  think  this  prejudice  will  be  overcome  as  they  peruse  its 
pages,  and  give  place  to  a  keen  sense  of  delight  as  they 
follow  the  marvellous  transformations  so  ably  described  by 
the  author.  The  earher  chapters  of  the  book  contain  a 
clear  and  interesting  account  of  the  origin  of  Coal,  and  of 
the  energy  stored  up  m  it,  illustrative  of  George  Stephenson's 
celebrated  statement  about  "  bottled-up  sunshine."  This 
is  followed  by  a  sketch  of  the  history  of  coal  gas,  together 
with  an  account  of  its  manufacture  as  at  present  carried  on. 


The  author  next  takes  up  the  subject  of  the  commercial 
importance  of  the  liquid  and  solid  products  resulting  from 
the  distillation  of  coal,  viz. — the  "  ammoniacal  liquor,"  the 
coke,  and  the  tar.  The  second  half  of  the  book  is,  in  fact, 
occupied  with  the  history  and  description  of  the  marvellous 
range  of  substances  obtained,  directly  or  indirectly,  from 
coal  tar.  In  the  early  days  of  gas  manufacture,  this  black 
unsavoury  residue  was,  in  every  sense,  a  "  waste  product," 
and  the  manufacturer  was  only  too  glad  to  get  rid  of  it  as 
best  he  could.  Now  it  is  made  to  furnish  not  only  an 
almost  endless  variety  of  brilhant  colours,  but  delicious 
essences  and  delicate  perfumes,  while  immense  fortunes 
have  been  realized  by  the  fortunate  discoveries  of  the 
processes  by  which  such  results  have  been  obtained. 

In  1828,  Faraday  discovered  his  "  Bicarburet  of 
Hydrogen  "  in  the  oil  produced  by  the  condensation  of  the 
so-called  "  oil-gas."  In  18:-5i,  the  same  hydro-carbon  was 
obtained  by  Mitscherlick  by  heating  benzoic  acid  with 
lime,  and  since  then  it  has  been  known  in  this  country  as 
benzol  or  benzene.  In  184.5,  Hofman  proved  the  existence 
of  benzine  in  the  light  oils  from  coal  tar,  and  in  1858, 
Perkin  took  out  his  first  patent  for  a  coal-tar  colour  under 
the  name  of  "  mauve."  For  the  wonderful  development  of 
this  branch  of  chemistry,  and  for  an  account  of  its  extension 
to  medicine,  sanitary  science,  photography,  and  the  ai'ts, 
we  must  refer  the  reader  to  the  book  itself,  which  will  well 
repay  careful  reading,  and  put  him  in  possession  of  the 
latest  processes  and  discoveries. 

Prof.  Max  Wolf,  of  Heidelburg,  has  obtained  some 
interesting  photographs  of  the  Milky  Way,  in  the  neigh- 
bourhood of  a,  Cygnus,  which  we  hope  to  reproduce  in 
the  October  number. 


Utttrrs. 


[The  Editor  does  not  hold  himself  responsible   for  the  opinions    or 
statements  of  correspondents.] 


OX   THE   COIIPARISOX   OF   PHOTOGRAPHS   OK    THE 
MILKY  WAY. 

To  the  Editor  of  Knowledge. 

Dear  Sir, — In  the  letter  on  the  above  subject  which 
appears  in  the  May  number  of  Knowledge,  Mr.  Barnard 
raises  a  question  of  great  importance.  The  words  used 
are,  "  I  have  no  hesitation  in  attributing  the  difference 
between  these  pictures  entirely  to  the  development  of  the 
negative.  As  I  have  taken  occassion  to  remark  elsewhere, 
the  utmost  care  must  be  exercised  in  the  development  of 
MUky  Way  pictures  to  bring  out  the  cloud -forms  clearly 
and  strongly."  This  is  a  point  that  forced  itself  upon  my 
notice  as  soon  as  I  began  taking  photographs  of  the  Milky 
Way,  for  the  details  in  these  pictures  are  often  as  delicate 
as  a  thin  fog  on  the  plate,  and  the  sUghtest  over-developing 
may  suffice  to  produce  such  marks,  which  it  is  almost 
impossible  to  distinguish  from  features  of  the  Milky  Way. 
Indeed,  I  only  know  of  one  method  of  making  sure  which 
parts  of  the  negative  show  faint  ]\Iilky  Way  features  and 
which  are  fog,  and  that  is  to  multiply  the  pictures  and 
compare  them  carefully.  Now,  my  photograph  of  the  Jlilky 
Way  about  «  17h.  58m.  and  8  30',  which  you  reproduced 
in  Knowledge  for  March  last,  is  from  one  of  eight  negatives 
of  this  object  which  I  have  taken,  and  it  is  not  the  best  so 
far  as  the  nebulous  part  is  concerned,  but  they  all  agree  in 
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supporting  the  picture  in  March  number  of  Knowledge  as 
to  the  relative  hrifiJitness  of  the  seeeral  /iiirts  of  the  nebulous 
light.  I  think,  therefore,  there  can  be  no  doubt  that  my 
picture  is  right  and  Mr.  Barnard's  suffers  from  over- 
development. I  have  adopted  the  same  method  of  making 
sure  of  the  features  in  other  parts  of  the  Milky  Way,  and 
I  am  sure  it  is  necessary  where  exceedingly  delicate  details 
have  to  be  shown.  When  my  photograph  to  which  Mr. 
Barnard  refers  was  taken,  your  reproduction  of  his  of  the 
same  object  was  before  me,  and  I  saw  the  differences,  which  I 
was  then  disposed  to  attribute  to  the  great  advantage  Mount 
Hamilton  has  in  elevation,  but  Prof.  Pickering's  opinion  of 
the  advantage  of  a  mountain  station — that  it  only  enables 
us  to  photograph  stars  J  of  a  magnitude  lower — seems  to 
make  my  supposition  untenable,  and  to  leave  no  alternative 
but  that  the  difference  is  due  to  development,  and  I  think 
over-development  of  the  Mount  Hamilton  picture.  Seed's 
plates  are  undoubtedly  very  good — I  have  used  some  of 
them,  and  I  think  highly  of  them — but  they  are  not  so 
sensitive  as  the  Ilford  plates,  which  I  used  for  the  pictures 
in  question. 

]\Iy  experience  leads  me  to  the  conviction  that  where 
extremely  delicate  details  have  to  be  caught,  such  as  those 
in  the  Nubecula  Major,  the  nebula  about  Eta  Argus,  and 
others,  what  is  required  is  lengtli  of  exposure  rather  than 
strong  development.  I  have  repeatedly  tried  the  two 
methods,  i.e.,  long  exposure  and  strong  development,  on 
the  same  object,  and  have  no  hesitation  in  saying  that  for 
delicate  nebulous  details  the  latter  is  to  be  decidedly 
avoided.  Yours  very  truly, 

Sydney  Observatory,  H.  C.  Russell. 

July  Qtli,  1891. 

[A  close  examination  of  Mr.  Barnard's  picture  of  the 
Sagittarius  region  referred  to  by  Mr.  Russell  has  convinced 
me  that  the  nebulosity  shown  upon  it  really  corresponds  to 
areas  of  luminosity  on  the  heavens,  and  is  not  a  mere 
photographic  fogging  due  to  over-rapid  development.  There 
is  an  intimate  connection  between  the  dark  areas  on  Mr. 
Barnard's  photograph  and  the  disposition  of  the  stars 
which  could  not  be  due  to  chance,  and  the  bright  structures 
are  altogether  diiJerent  in  form  from  the  patches  in  which 
fog  shows  itself  on  an  over-developed  picture.  From  my 
experience  in  reproducing  pictures  of  nebuhp,  I  can  fully 
confirm  Mr.  Barnard's  statement  that  the  density  of  the 
nebulosity  and  fainter  cloud  forms  is  very  dependent  on 
suitable  development.  It  is  to  be  regretted  that  circum- 
stances have  prevented  Mr.  Barnard  from  taking  more 
photographs  of  this  extraordinary  region  of  the  Milky  Way. 
Mr.  Russell  has  recently  sent  me  some  most  interesting 
photographs  of  the  'tj  Argus  Nebulse  and  the  «  Crucis 
cluster,  which  I  hope  shortly  to  reproduce  in  Knowledge. 
— A.  C.  Ranyard.1 


THE    OBSEEVATION    OP    RED    STARS. 
To  the  Editor  of  Knowledge. 

Dear  Sir, — I  have  been  considerably  interested  by  a 
perusal  of  Miss  Gierke's  article,  with  the  above  heading, 
in  the  August  number  of  Knowledge.  With  much  of 
what  is  there  stated  I  entirely  agree  ;  though,  with  all 
possible  deference  to  the  gifted  authoress,  I  venture  to 
dissent  from  her  conclusions  on  one  very  material  point, 
and  that  is — can  the  alleged  variation  of  colour  in  certain 
stars  be  accepted  as  a  demonstrated  faet "?  A  long  experi- 
ence of  my  own  in  observing  star  colours,  as  well  as  that 
resulting  from  the  superintendence  of  such  work  by  other 
observers,  has  made  me  extremely  sceptical  on  this  point  ; 
and  I  should  requu'e  stronger  evidence  than  we  now 
possess  to  admit  that  such  a  conclusion  was  established. 


Casual  star-gazers  have  no  idea  of  the  practical  difficulties 
that  beset  this  subject.  Eyes  differ  so  widely  in  their 
colour  perceptions,  that  it  is  really  not  safe  to  accept  the 
uncoiToborated  testimony  of  any  one  observer  until  it  has 
been  ascertained  that  his  colour  faculty  is  fairly  normal. 
Neither  can  the  differences  arising  fi-om  various  kinds  and 
apertures  of  telescopes  be  safely  ignored  :  reflectors  almost 
invariably  give  deeper  tints  than  refractors,  whilst  any 
great  diffei-ence  in  aperture  has  its  corresponding  effect. 
Then  there  is  the  atmospheric  influence  to  be  added  to 
the  account,  and  experienced  observers  know  that  this  is  a 
potent  factor.  The  altitude  of  the  star,  the  degree  of 
darkness  of  the  sky  background,  humidity  and  clearness 
of  the  air,  etc. — if  apparently  trivial  each  by  itself— will, 
combined,  exercise  some  perceptible  efl'ect  on  the  resulting 
colour.  Therefore,  I  contend  that  the  most  satisfactory 
method  of  eliminating  these  errors — personal,  instrumental, 
and  atmospheric— is  to  take  the  mean  of  a  large  number 
of  independent  contemporaneous  estimates  by  different 
observers,  and  accept  that  as  the  nearest  probable  approach 
to  the  true  result.  I  woiJd  like  to  make  a  few  remarks 
on  the  objects  cited  as  examples  of  variation  in  colour  : — 

Espm-Birmingham,  352  (Schj.  148).  The  discrepancies 
in  its  assigned  tint  of  redness  are  quite  within  the  usual 
range  of  erroi-s  of  observation,  the  large  dift'erence  in  the 
apertures  of  the  telescopes  used  being  alone  sufficient 
to  account  for  much  of  the  discordance.  The  evidence 
for  variation  in  magnitude  does  not  seem  very  strong ; 
indeed,  it  might  reasonably  be  inferred  that  Birmingham's 
solitary  observation  of  "no  colour "  belonged  to  some 
other  star. 

Es-Birm.  221  (Schj.  90).  I  think  there  is  quite  a 
possibility  that  these  irreconcilable  estimates  relate  to 
two  different  stars.  According  to  the  B.A.  Catalogue 
(which  formed  the  basis  of  my  working  list  in  1877-8), 
there  are  two  Gk  mag.  stars  close  together  near  this  place 
— B.A.C.  2365  and  2369,  otherwise  44  and  45  Camelopardi. 
Now  the  former  of  these  agrees  so  closely  with  the  position 
given  for  Es-Birm.  221,  that  it  seems  as  if  they  must  be 
synonymous ;  this  was  the  object  I  observed  as  "  Gi  mag., 
orange  red,"  with  a  5  inch  refractor.  For  the  other  one 
{32s.  following  and  13'  north),  I  could  find  no  star  larger 
than  8  mag.  in  its  place,  and  as  no  colour  was  mentioned, 
it  was  presumably  white.  Possibly  one  or  both  of  these 
stars  may  be  variable  in  magnitude. 

Birm.  118  (Schj.  63).  This  I  noted  in  1885,  with  11^ 
inch  reflector,  as  "yellowish  white."  Perhaps  there  is 
some  reason  to  doubt  its  identity,  judging  from  the  foot- 
note to  the  Dunsink  observations,  which  suggests  that 
the  estimate  probably  belonged  to  another  star  closely 
preceding. 

Es-Birm.  544  (Schj.  214).  It  does  look  as  if  there  was 
some  reason  to  suspect  variation  here,  in  magnitude  if  not 
in  colour.  But  a  more  extended  series  of  observations  are 
recjuired  before  the  latter  assumption  can  be  legitimately 
entertained,  as  there  is  a  gap  of  fourteen  years  between 
Espin's  observation  and  the  last  recorded  one  preceding. 

(■  Velorum  does  indeed  appear  to  offer  promising  gi-ound 
for  further  investigation,  but,  in  the  meantime,  it  would 
be  wise  to  suspend  judgment. 

If  suspected  colour  variables  have  been  apparently 
neglected,  it  is  because  the  evidence  for  variation  is  so 
slender  that  it  finds  but  little  acceptance  in  the  astrono- 
mical world.  We  iini.it  be  sure  of  the  facts  before  proceeding 
to  draw  deductions  from  them — and  the  facts  are  scarcely 
established,  as  yet.  In  saying  this,  I  am  equally  desirous 
of  further  investigation  in  the  fascinating  field  of  stellar 
chromatics,  and  think,  with  Miss  Clerke.  that  the  spectro- 
scope is  the  most  promising  instrument  to  deal  with  the 


174 


KNOWLEDGE. 


Septeubeb  1,  1891. 


problem.  But  it  is,  however,  possible  that  two  stars  of 
similar  colour  might  have  different  spectra,  because  there 
are  several  pairs  of  complementary  tints  which,  when 
united,  produce  white  light. 

W.   S.   Franks. 


SOME    PRACTICAL    APPLICATIONS    OF 
ELECTRICITY. 

By   J.    J.    Stewakt. 

(Continued  from  paije  33.) 

n. — Secondajry  Batteries. 

WHEN  a  current  of  Electricity  passes  fi-om  a 
copper  plate  immersed  in  a  solution  of  a  copper 
salt,  such  as  copper  sulphate,  to  another  plate 
opposite  to  it  in  the  same  solution,  say  one 
made  of  platinum,  copper  is  deposited  on  the 
platinum  plate  owing  to  the  decomposition  of  the  solution, 
the  amount  of  copper  thus  set  free  being  proportional  to 
the  strength  of  the  cm-rent  which  passes.  Faraday  was 
the  first  to  prove  this,  and  called  the  apparatus,  consisting 
of  the  trough  of  solution  and  the  plates  dipping  into  it,  a 
roltiiineter,  because  it  served  as  a  means  of  measuring  the 
strength  of  currents.  [I  may  say,  in  passing,  that  a 
voltameter  on  just  the  same  principle  as  this  is  used  by 
Edison  to  act  as  a  current  meter  to  indicate  the  quantity  of 
Electricity  sent  from  his  electric  light  mains  to  any  single 
house. ^  If  an  electric  current  is  made  to  traverse  a  ceU 
consisting  of  two  plates  of  platinum  placed  opposite  each 
other  in  acidulated  water,  the  water  is  continuously  de- 
composed into  its  constituent  elements  during  the  passage 
of  the  current,  provided  this  cm-rent  is  above  a  certain 
strength  ;  but  whilst  this  operation  goes  on  a  remarkable 
phenomenon  is  noticed,  the  current  which  commences  with 
a  given  strength  becomes  weaker  and  weaker,  and  if  a 
galvanometer  is  placed  in  the  circuit  in  order  that  the 
behaviour  of  the  cm-rent  may  be  observed,  what  is  seen  to 
happen  is  this — the  galvanometer  needle,  when  the  current 
through  the  cell  is  first  started,  swings  ofl'  vigorously  and 
comes  to  rest  at  a  certain  angle  of  dedection,  indicating  the 
strength  of  the  current,  but,  on  fm-ther  watching,  it  is  seen 
to  be  creeping  back ;  the  deflection  is  gradually  decreasing 
towards  zero.  On  looking  at  the  platinum  plates  in  the 
water,  bubbles  are  seen  to  be  formed  upon  their  surfaces, 
which  rise  in  two  streams  to  the  top  of  the  liquid ; 
these  consist  of  the  constituent  gases  of  the  water, 
hydrogen  being  set  free  at  the  plate  where  the  current 
leaves  the  voltameter  cell — or  the  cathode,  as  Faraday 
calls  it — and  oxygen  at  the  plate  where  the  current 
enters,  or  the  anode  ;  some  of  these  gas  bubbles,  however, 
are  seen  to  cling  to  the  plates  instead  of  rising  up  through 
the  water.  On  looking  more  closely,  it  is  seen  that  the 
streams  of  rising  bubbles  are  decreasing  simultaneously 
with  the  falling  off  of  the  galvanometer  deflection,  and 
after  a  time  this  deflection  settles  down  to  a  fau-ly  constant 
value,  which  may  be  considerably  less  than  that  at  which 
it  started.  This  is  an  example  oi polarisation  ;  the  falling 
off  of  the  current  has  been  found  to  be  due  to  an  opjiosing 
electro-motive  force  w'hicb  arises  owing  to  the  deposit  of  a 
layer  of  oxygen  on  one  of  the  platinum  plates,  and  a  layer 
of  hydrogen  on  the  other,  which  layers  extend  into  the 
substance  of  the  platinum  as  well  as  over  the  outer  face. 
The  tendency  which  these  liberated  gases  have  to  combine 
again  to  form  water  gives  rise  to  the  opposing  electro- 
motive force  which  acts  against  that  driving  the  current 
through  the  cell,  and  the  tinal  current  produced  is  due  to 


the  resultant  of  these  two  opposite  electro-motive  forces. 
If  the  two  platinum  plates  which  have  thus  been  exposed 
to  a  cm-rent  for  a  time  be  taken  out  of  the  cell  and  placed 
opposite  each  other  in  a  similar  trough  of  acidulated  water, 
and  then  joined  by  a  wire  through  a  galvanometer,  it  will 
be  observed  that  they  now  send  a  current  themselves,  but 
in  an  opposite  direction  to  that  which  passed  between  them 
origmaUy  fi-om  the  external  som-ce.  They  act  as  a  battery 
which  becomes  weaker  and  weaker  until  the  layers  of  gas 
sticking  to  their  faces  disappear,  the  oxygen  and  hydrogen 
having  united  again  to  form  water.  Sir  William  Grove 
discovered  that  if  two  plates  of  platinum  were  fixed,  one  in 
a  closed  vessel  of  oxygen,  and  the  other  in  one  containing 
hydrogen — the  gases  being  obtained  from  any  source — a 
current  passed  between  the  two  plates  when  they  were 
joined  through  a  conductor  ;  they  behaved  like  the  plates 
treated  as  above,  and  constituted  a  "  gas  battery."  Such 
an  arrangement  as  that  described,  consisting  of  platinum 
plates  pre%-iously  prepared  by  ha\ing  a  current  passed 
between  them  whilst  they  dip  in  water,  is  an  example  of 
one  of  the  earliest  forms  of  secondary  battery. 

Such  an  arrangement,  however,  cannot  be  applied  to 
any  practical  purpose,  the  duration  of  the  second  reversed 
current  being  quite  transitory.  Gaston  Plante  was  the 
first  experimenter  to  make  secondary  batteries  on  a  large 
scale.  He  found  lead  to  be  the  most  suitable  metal  to  use 
for  this  purpose.  When  two  plates  of  lead  are  immersed 
in  dilute  sulphuric  acid,  and  a  cm-rent  made  to  pass 
between  them,  one  plate  becomes  oxidized,  rusted  so  to 
speak,  owing  to  the  combination  with  it  of  the  oxygen  set 
fi-ee  fi-om  the  water  containing  the  acid.  Now  when  the 
cm-rent  is  sent  in  the  opposite  direction  through  the  de- 
composing solution,  entering  at  the  plate  where  it  formerly 
left,  the  plate  which  was  previously  oxidized  becomes 
deprived  of  its  oxygen,  and  the  other  plate  is  oxidized 
instead.  Plante  made  use  of  this  process  to  "form  "  the 
plates  to  be  afterwards  used  in  his  secondary  batteries ; 
cm-rents  were  sent  first  in  one  direction  and  then  in  the 
other  through  the  plates  and  dilute  acid.  In  com-se  of 
time  one  of  the  plates,  that  which  last  formed  the  cathode, 
or  the  plate  where  the  current  left  the  hquid,  became, 
thi-ough  repeated  gain  and  loss  of  oxygen,  of  porous 
structm-e,  exposing  a  large  surface  to  the  solution,  whUst 
the  other  became  very  strongly  oxidized,  and  covered  to  a 
considerable  depth  with  lead  peroxide.  When  these  two 
plates  thus  prepared  ^re  placed  in  dilute  sulphuric  acid,  and 
joined  by  a  wire,  a  cm-rent  of  Electricity  passes  along  the 
wire  in  the  opposite  direction  to  that  which  was  last  sent 
through  the  preparing  jjlates  from  an  external  source. 
This  apparatus  now  forms  a  secondary  battery  or  accumu- 
lator, which  is  capable  of  furnishing  a  continuous  flow  of 
Electricity  for  prolonged  periods.  The  name  "  accumulator  " 
is  applied  to  such  a  battery  from  its  accumulating,  as  it 
were,  the  chemical  energy  stored  up  in  it  when  the  charging 
cm-rent  was  passed,  and  afterwards  giving  it  out  in  the 
form  of  electric  energy.  The  battery  thus  laboriously 
made  by  Plante,  which  takes  months  to  form  by  repeated 
cm-rent  reversals,  does  not  differ  in  any  important  par- 
ticular from  those  in  use  at  the  present  day,  but  now 
they  are  made  in  a  much  shorter  time,  by  starting  with  lead 
oxide  (or  red  lead)  already  made  for  one  plate,  instead  of 
making  this  by  a  long-continued  series  of  altei-nately  re- 
versed cm-rents,  as  in  Plante's  original  process.  The  plates 
made  by  the  Electric  Power  Storage  Company  consist  of 
gridiron-hke  arrangements,  with  the  gaps  of  the  frame- 
work, which  is  of  lead,  filled  up  w-ith  little  blocks  of 
minium  or  red  lead.  This  has  the  advantage  of  offering 
a  large  surface  to  the  action  of  the  liquid.  Foi-merly  both 
of  the  plates  of  each  cell  had  the  plugs  which  filled  up  the 
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interstices  of  the  grid  made  of  a  paste  of  red  lead  (Pbg  O^j, 
but  since  then  litharge  (Pb  0),  a  lower  oxide,  has  been 
used  for  those  of  the  negative  plate,  and  the  red  lead  put 
only  in  that  plate  which  was  intended  to  be  used  after- 
wards as  the  positive  pole  of  the  battery.  Moreover,  in 
recent  methods  the  two  plates  are  "formed"  apart,  each 
by  itself,  and  the  time  the  current  is  sent  through  the 
negative  plate  is  much  longer  than  that  applied  to  the 
positive. 

The  old  form  of  secondary  battery,  that  used  by  Plants 
and  consisting  of  two  opposed  plates,  one  made  of  spongy 
metallic  lead  and  the  other  of  lead  oxide,  may  be  taken  as 
the  typical  form  of  secondary  battery,  and  the  essential 
process  which  goes  on  is  the  transference  of  oxygen  from 
the  oxide  of  lead  plate  to  the  one  consisting  of  metallic 
lead.  Lead  sulphate  is  formed  as  well  as  the  peroxide  of 
lead,  and  a  considerable  portion  of  the  acid  in  the  cell  is 
used  up  in  prodiicing  this.  The  current  owes  its  origin  to 
the  presence  of  two  substances,  lead  and  oxygen,  which 
have  a  chemical  affinity  for  each  other,  and  thus  the 
action  does  not  differ  in  its  nature  from  that  of  an  ordinary 
galvanic  cell. 

Secondary  batteries  require  periodical  renewal,  as  during 
their  action  the  coating  of  lead  peroxide  becomes  deoxi- 
dized, and  both  plates  approach  to  the  same  composition. 
This  re-forming  is  readily  done  by  sending  for  some  hours 
a  current  from  some  exterior  source,  such  as  a  dynamo 
machine,  into  the  cells  in  a  direction  the  reverse  of  that 
of  the  current  which  is  produced  by  the  battery  itself.  After 
this  the  battery  is  restored  to  its  original  state,  and  is 
capable  of  furnishing  a  remarkably  steady  and  unvarying 
current  for  many  hours  in  succession. 

Accumulators  are  a  valuable  source  of  Electricity  where 
a  considerable  current  is  needed  for  lighting  purposes, 
and  are  also  useful  as  an  alternative  source  where  the 
dynamo  is  used,  as,  in  the  case  of  a  temporary  break-down 
of  the  dynamo,  the  secondary  batteries  can  be  switched  on 
to  the  circuit.  For  such  purposes  as  the  electric  pro- 
pulsion of  small  vessels  at  sea,  they  seem  to  be  the  most 
economical  means,  and  are  beginning  to  be  extensively 
used  lor  the  propulsion  of  electric  launches  and  tramway 
cars  ;  the  secondary  batteries  being  used  to  furnish  the 
current  necessary  to  drive  the  electric  motor. 

Dr.  Frankland  lit  up  his  house  years  ago  with  success 
by  means  of  secondary  batteries,  and  when  he  was  absent 
for  some  months  and  the  light  not  used,  he  found  on  his 
return  the  batteries  still  in  good  condition,  and  the  light 
ready  to  be  turned  on  at  once. 


A  DOUBLE  PLANET. 

By  J.  E.  Gore,  F.R.A.S. 


DOUBLE  stars  are  numerous  in  the  heavens,  and 
double  nebulie  are  not  uncommon.  Even  double 
comets  have  been  recorded,  as  in  the  case  of 
Biela's  comet,  and  the  faint  companions  which 
have  been  observed  in  close  attendance  upon  some 
of  the  large  comets  of  recent  years.  The  duplicity  of  one 
of  the  satellites  of  .Jupiter  has  even  been  "  suspected," 
but,  as  far  as  I  know,  the  suspicion  has  not  been  contirmcd. 
Although  many  of  the  planets  of  the  Solar  System  are 
attended  by  satellites,  they  are  usually  considered  as  single 
bodies.  We  may  however,  perhaps,  make  an  exception 
of  this  rule  in  the  case  of  the  Earth  and  Moon,  which 
have  been  termed  "  a  double  planet "  for  the  following 
reasons  : — 

The  Moon's  volume  compared  with  that  of  its  primary 
is   greater  than  that  of  any  other  satellite  of  the  Solar 


System.  The  voluins  is  about  J,  of  the  Earth's  volume, 
and  its  mass  about  Jj-  of  that  of  the  Earth.  The  volumes 
of  the  satellites  of  the  other  planets  bear  a  much  smaller 
ratio  to  the  volume  of  the  primary.  We  need  not  consider 
the  satellites  of  Mars,  which  are  very  minute  bodies,  and 
quite  insiguificaut  in  size  compared  with  their  primary. 
The  largest  of  the  satelUtes  of  .Jupiter  has  a  volume  only 
_^_jj  of  that  of  the  'giant  planet."  The  largest  of 
Saturn's  satellites.  Titan,  has  probably  not  more  than 
_._i__  of  the  volume  of  Saturn.  The  exact  size  of  the 
satellites  of  Uranus  is  unknown,  but  judging  from  their 
faintness,  we  m.iy  conclude  that  their  volume  is  small 
compared  with  that  of  their  primary.  Even  the  satellite 
of  Neptune,  supposed  to  be  the  largest  satellite  of  the 
Solar  System,  is  probably  smiU  compared  with  the  planet. 
Taking  its  diameter  at  4000  miles,  and  that  of  Neptune  at 
36,000  miles,  the  volume  of  the  satellite  will  be  only  yl-j 
of  Neptune's  volume. 

We  see,  therefore,  that  the  Moon  is  comparatively  a  very 
large  satellite.  It  is,  of  course,  absulutely  smaller  than  the 
largest  satellite  of  .Jupiter,  Saturn's  satellite.  Titan,  or 
the  satellite  of  Neptune  ;  but  compared  with  the  Earth, 
which  is  a  small  planet  (in  comparison  with  .Jupiter, 
Saturn,  Uranus  or  Neptune),  it  must  be  considered  as 
really  an  enormous  satelUte,  and  in  relutice  size  deserving 
to  rank  rather  as  a  small  planet  accompanying  the  Earth 
in  its  annual  journey  round  the  Sim,  than  as  a  satellite 
revolving  roimd  it. 

Seen  from  Venus,  the  Earth  and  Moon  wUl  appear 
more  like  a  "  double  planet "  than  a  planet  with  an 
attendant  satellite.  From  a  consideration  of  the  bright- 
ness of  Venus  as  seen  fi-om  the  Earth,  we  may  form  an 
estimate  of  the  probable  brightness  of  the  Earth  and 
Moon  as  viewed  from  Venus.  To  do  this  it  wUl,  of  course, 
be  necessary  to  make  some  assumptions.  We  should 
require,  in  the  first  place,  to  know  the  "  albedo,"  or 
reflecting  power,  of  the  Earth's  surface. 

To  determine  this  accurately  would  not  be  an  easy 
matter,  but  if  we  assume  that  it  has  the  same  "  albedo  " 
as  the  Moon,  we  may  not,  perhaps,  be  very  far  from  the 
truth.  Now  Zollner  found  the  "  albedo  "  of  Venus  to  be 
represented  by  the  fraction  0-50,  or  about  three  times  the 
Moon's  "  albedo  "  (0-1736). 

Venus,  when  at  her  greatest  brilliancy,  and  approaching 
inferior  conjunction,  is  distant  from  the  Earth  about  39 
millions  of  miles,  and  has  then  about  one-fourth  of  the  area 
of  her  disc  illuminated  by  sunlight.  The  Earth  when  in 
"  opposition,"  and  therefore  at  its  brightest  as  seen  from 
Venus,  is  distant  from  the  planet  about  26  millions  of 
miles.  Hence  we  have  the  relative  distances  in  the  ratio 
of  39  to  26  or  as  3  to  2. 

If,  to  simplify  the  calculation,  we  assume  the  diameter 

of  the  Earth  and  Venus  as  equal,  the  apparent  areas  of 

their  discs  will  be  as  3-  to  2-  or  as  9  to  4.     That  is,  the 

area  of  the   Earth's  disc  when  in  "opposition,"  as  seen 

fi-om  Venus,  will  be  about  2|  times  the  area  of  Venus's 

disc  when  at  her  brightest  as  seen  from  the  Earth.     Now 

as  the   Earth  shows  a  full  face  to  Venus   when   at  its 

brightest,  and  Venus  only  one-fourth  of  a  fully  illuminated 

disc  when  at  its  brightest  to  us,  we  should  have  the  Earth 

brighter  than  Venus  in  the  proportion  of  36  to  4,  or  as  9 

to  1,  (/  the  distances  of  both  planets  from  the  Sun  and 

their  "  albedos  "  were  the  same.     But  as  their  distances 

from  the  Sun  are  in  the  ratio  of  93  to  67,  ^'enus  will  be 

more  brilliantly  illuminated  in  the  i-atio  of  93-  to  67-,  or 

I  about    as   19  to  10,  and   as   its   "  albedo,  "  as   assumed 

i  above,  is  three  times  greater,  we  have  the  brightness  of 

j  Venus's  surface  greater  than  that  of  the  Earth's  surface 

I  in  the  ratio  of  57  to  10.     Hence,  finally,  we   have  the 
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brightness  of  the  Earth,  when  in  "  opposition,"  as  seen 
from  Venus,  brighter  than  Venus  at  its  greatest  brilliancy 
as  seen  from  the  Earth  in  the  ratio  of  !J0  to  57. 

Taking  the  diameters  of  the  Earth  and  Moon  as  7912 
miles  and  "2163  miles  respectively,  the  areas  of  their 
apparent  discs  would  be  in  the  ratio  of  13-38  to  1.  Hence, 
with  the  same  "  albedo,"  the  Earth  and  Moon,  as  seen 
from  Venus,  would  differ  in  brightness  by  2-81  stellar 
magnitudes. 

Now  Plummer  found  that  Venus  at  its  greatest 
brilliancy  is  nine  times  brighter  than  Sirius.  The  Earth, 
therefore,  as  seen  from  Venus,  would  appear  (-9-^-1  14-21 
times  or  2-8H  stellar  magnitudes  brighter  than  Sirius. 
The  Earth  and  Moon  would  therefore  shine  as  two  stars, 
one  about  half  as  bright  again  as  Venus  at  her  brightest, 
and  the  other  about  equal  to  Sirius,  and  separated,  when 
the  Moon  is  in  "  quadi-ature,"  by  about  81  minutes  of  arc. 
forming  a  superb  "  naked  eye  double  star,"  perhaps  the 
finest  sight  in  the  planetary  system.  They  would  present 
the  appearance  of  a  "  doiable  planet,"  in  striking  contrast 
with  the  faiutness  of  the  other  satellites  of  the  Solar 
System.  The  Earth  would  show  a  disc  of  about  62"  in 
diameter,  and  the  Moon  one  of  about  17",  and  the 
markings  on  both  might  be  well  seen  with  a  good 
telescope. 

Seen  from  Mars,  the  Moon  would  also  be  visible  as  a 
small  attendant  planet  to  the  Earth,  but  varying  con- 
siderably in  briUiancy  owing  to  its  phases. 

The  Moon's  title  to  rank  as  a  planet  rather  than  a 
satellite  is  strengthened  by  the  fact  that  her  path  in  space 
is,  like  the  planetary  orbits,  always  concave  to  the  Sun. 
Professor  Young  says  in  his  "General  Astronomy"  that 
"  if  we  represent  the  orbit  of  the  Earth  by  a  circle  of 
100  inches  radius,  the  Moon  would  only  move  out  and 
in  a  quarter  of  an  inch,  crossing  the  circumference  25 
times  in  going  once  round  it."  This  is  a  very  different 
arrangement  from  the  satellites  of  -Jupiter  and  Saturn, 
which  seem  to  form  miniatures  of  the  Solar  System. 


HYDROID    ZOOPHYTES. 

By  Herbert  Ingall. 

FORMERLY  the  study  of  Zoojjhytes  could  only  be 
carried  on  at  the  sea-shore,  but  now  continued 
observations  of  many  of  the  lower  forms  of  marine 
life  can  be  made  when  far  away  from  the  sea  by 
means  ot  a  marine  aquarium  at  home  :  a  better 
knowledge  of  the  conditions  under  which  sea-water  can  be 
kept  renders  it  possible  to  store  up  subjects  for  study  for 
many  months,  or  indeed  years,  at  a  distance  from  the  coast. 
Among  the  smaller  objects  of  marine  hfe  the  Hydroid 
Zoophytes  will  always  claim  attention,  not  only  from  the 
beauty  of  their  form  but  from  the  interesting  and  extra- 
ordinary changes  they  undergo  during  their  life-history. 

Who  has  not  observed  the  delicate  feathery  masses 
thrown  up  on  the  beach  after  a  storm  or  heavy  ground 
swell — masses  often  of  considerable  size,  but  of  an  ex- 
ceedingly fine  horny  substance — or  noticed,  when  ex- 
amining some  clear  weed-fringed  pool  among  the  rocks  on 
a  bright  day,  dehcately  curved  white  plumes  hke  feathers ; 
or  seen  among  the  tufts  of  weed  a  fine,  brown,  wiry-looldng 
branching  stem,  the  tips  of  the  branches  terminating  with 
a  sort  of  pink  flower,  which  latter  if  watched  will  at 
mtervals  be  seen  to  bend  and  nod  ?  These  are  some  of  the 
Hydroid  Zoophytes,  which  formerly  were  supposed  to  be  a 
sort  of  link  between  animals  and  vegetables,  but  they  now 
are  without  hesitation  placed  in  the  animal  kingdom. 


Three  facts  will  be  noticed  in  the  general  plan  of  growth 
of  the  Hydroids.  There  is  first  the  general  and  common 
flesh  of  the  composite  animal  called  the  ctrnomn-,  which 
may  be  in  the  form  of  a  creeping  thread,  naked,  or  covered 
with  a  cliitiniiux  or  horny  substance,  which  latter  is  almost 
always  present  in  the  arborescent  or  brandling  forms  and 
serves  to  support  them  ;  or  the  canomrr  may  be  present 
merely  in  the  form  of  a  thin  filament  connecting  the 
separate  polyps,  but  in  any  case  it  answers  the  same 
purpose,  which  is  the  general  connection  of  the  whole  mass 
of  polyps  forming  the  individual  colony,  and  the  circulation 
and  conveyance  of  nutriment  over  the  whole.  Secondly, 
the  iiolyiiUcK  or  flower-like  animals,  that  develop  at  the 
ends  of  the  branches  in  the  arborescent  forms,  or  may  bud 
out  at  any  part  in  those  that  have  the  canosan-  adherent  to 
stones  or  shells  :  these  serve  to  collect  and  catch  food,  and 
even  living  prey,  by  means  of  thread-like  arms  or  tentacles. 
And,  thirdly,  the  reproductive  or  sexual  buds,  called  the 
(joiKiphoreti,  in  which  are  developed  the  elements  for  the 
propagation  of  a  new  colony  :  the  object  so  produced  is 
called  the  yonmooid. 

I  have  had  under  observation  for  many  months  a  colony 
of  Podocoryne  earned  :  they  were  obtained  at  Hastings  last 
September.  In  passing  through  the  old  town  I  noticed 
some  fresh  specimens  of  Dog  Whelk  {Sassa  ntitulata) 
lying  in  the  roadway,  and,  seeing  that  they  had  evidently 
not  long  come  from  the  sea  (no  doubt  having  been  just 
thrown  out  of  some  fishing  boat),  I  placed  them  in  my 
collecting  jar,  from  which  they  were  transferred  the  same 
day  to  an  aquarium  at  home. 

A  curious  association  exists  between  many  of  the 
lower  animals  quite  dissimilar  in  structure — the  connec- 
tion of  Podocorrae  with  the  Dog  Whelk  (Xassa)  is  almost 
constant,  and  the  obvious  explanation  would  seem  to  be  that 
the  rough  shell  and  the  roving  life  of  this  whelk  is  favour- 
able for  the  development  of  the  polyps  ;  the  scavenging  and 
carnivorous  habits  of  the  Dog  Whelk  must  be  the  means 
of  a  much  more  constant  supply  of  food  to  the  lower 
animal  than  it  could  obtain  alone.  The  presence  of  an 
allied  form  f  Hi/dnntinia  j  on  shells  inhabited  by  the  Hermit 
Crab,  may  also  be  ascribed  to  similar  causes,  but  it  is 
somewhat  singular  that  they  should  each  keep  to  their  own 
host ;  we  seldom  find  Hydractinia  on  Nassa,  or  Podocoryne 
on  Pagurus,  at  least  so  far  as  the  writer's  experience 
extends. 

The  Polyps  composing  the  colony  form  an  elegant  cover- 
ing to  the  somewhat  sombre-coloured  shell  of  the  mollusc 
over  which  they  wave  about  like  a  delicate  feathery  veil, 
the  beauty  of  which  is  enhanced  by  the  lively  habits  of  the 
Dog  Whelk. 

The  Poh/pitex  are  of  a  deUcate  white  colour  (presenting 
the  appearance  shown  in  Fig.  1).  They  are  furnished  with 
an  opening  at  the  upper  end,  and  eight 
delicate  arms,  or  tentacles,  situated  a 
little  below  and  around  the  mouth ;  these 
serve  to  arrest  any  small  particle  of  food 
or  minute  animals,  and  to  bring  them  to 
the  mouth,  but  it  is  very  probable  that 
many  or  all  of  these  lower  animals  are 
not  altogether  dependent  on  the  solid 
food  caught  by  the  tentacles ;  extremely 
minute  organisms  are  always  present  in 
the  sea,  and  they  are  most  likely  ab- 
sorbed by  the  walls  of  the  digestive  cavity.  The  body  of 
Podocoryne  is  very  extensUe  (as  are  also  the  tentacles), 
and  it  is  attached  at  its  lower  end  to  the  catwsarc,  a 
delicate  creeping  covering  of  fleshy  matter  which,  in  this 
case,  clo.sely  follows  the  indentations  and  reticulations 
of  the  shell,  quite  avoiding  the  elevated  parts  or  bosses, 
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which  protect  the  animal  from  getting  rubbed  off,  as 
it  otherwise  would,  owing  to  the  violent  movements  given 
to  the  shell  at  times.  By  the  gradual  growth  of  the 
ccenosarc,  and  the  budding  up  at  intervals,  the  colony 
spreads  over  the  shell.  Besides  the  pohjiiitfs  there  spring 
at  times,  more  often  on  the  rim  of  the  shell,  other 
curious  processes,  which  although  they  appear  to  be 
of  somewhat  the  same  substance  as  the  polyps,  never 
attain  their  form.  They  are  like  timi  curred  fihiments  and 
roll  and  unroll  in  a  most  curious  and  lively  fashion  ;  they 
are  probably  accessories  to  nutrition,  and  act  as  fishing 
lines. 

The  colony  may  go  on  increasing  in  this  manner  for 
some  time,  till  it  almost  covers 
the  object  on  which  it  grows ; 
after  a  time,  however,  accord- 
ing to  conditions  (generally  in 
the  summer  or  autumn),  many 
of  the  poll/piles  begin  to  show 
little  buds  just  below  the 
tentacles.  They  appear  as  an 
enlargement  of  the  ectoderm 
or  outer  body  of  the  polyp. 
(Fig.  2).  These  are  the  yano- 
pliuren  which  develop  the  motile 
form  or  i/ono-ooid,  whose  office 
is  to  found  a  future  in- 
dependent colony.  This  bud 
gradually  enlarges,  till  the 
ectotheca  or  external  covering 
bursts,  and  the  nunoziioid  or 
mednsa  form  (still  attached  to 
the  polypites  by  a  narrow 
stem)  unfolds  itself.  (Fig.  3.) 
An  hour  or  so  of  pulsations 
or  contractions  of  the  bell, 
and  the  new  body  breaks  from 
the  stem  of  the  parent,  and 
dances  away  through  the 
water,  a  lovely  translucent  bell, 
the  minute  structure  of 
which  will  be  better  seen  in 
Fig.  4.  Here  we  have  a  delicate  transparent  bell,  some- 
what contracted  at  the  opening,  where  the  rim  is  boimded 
by  a  sort  of  circular  canal.  From  this  at  regular  intervals 
proceed  eight  arms  or  tentacles,  very  similar  in  structure 
to  the  tentacles  of  the  polypite,  being  very  contractile  and 
furnished  with  neiiuitoci/stn  or  thread  cells,  which  are 
supposed  to  have  a  deadly  poisonous  and  paralyzing  action 
on  any  living  thing  touched  by  them  ;  but  tliis  I  think  is 
scarcely  proved,  as  the  irritating  effects,  well-known  to 
bathers,  in  the  case  of  tlie  larger  medusre,  may  be  caused 
by  the  mechanical  effects  of  the  number  of  minute 
threads  shot  out  into  the  surface  nerves  of  the  skm.  It  has 
also  been  constantly  observed  that  small  entermostracse, 
after  being  caught  and  held  some  time  by  the  ten- 
tacula,  get  free  and  swim  away  apparently  none  the 
worse.  At  the  base  or  root  of  each  tentacle  will  be 
observed  a  semi-opaque  granular  mass  ;  this  is  called  the 
(icell.u.i,  and  is  supposctl*  to  be  an  organ  of  sense.  From 
the  apex,  and  lianging  down  into  the  cavity  of  the  bell 
(which  we  may  here  also  observe  is  partially  closed  at  the 
bottom  by  a  delicate  horizontal  membrane  called  the  vellum  ] 
is  a  kind  of  "  clapper,"  which  is  really  the  body  of  the  gono- 
zooid,  and  is  called  the  iiKinuhriiiin,  at  the  tip  of  whicli  is  the 
mouth,  furnished  with  four  short  fringed  lips,  which  are 
very  sensitive,  and  constantly  in  motion.  In  the  walls  at 
the  side  of  the  manubrium  are  developed  the  ova  and 
spermatozoa  for  the  founding  of  a  new  colony  of  polyps, 
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and  the  life-history  of  the  animal  is  complete.  This  may 
be  considered  as  a  type  of  the  ordinary  history  of  the 
Hydroidx.  In  general  the  polypite  colony  is  the  permanent 
form,  and  the  medusoid  state  the  ephemeral  one  ;  indeed, 
one  may  compare  the  medusa  form  of  the  polyp  to  the 
butterfly  or  the  winged  aphide,  or  to  the  flower  on  the 
plant.  To  quote  Van  Beneden  :  "  Dans  les  plantes  comme 
dans  les  animaux  la  vie  est  generalement  longue  et  la 
tenacite  grande  dans  les  individus  agames,  ephemere  et 
delicate,  au  contraire,  dans  les  individus  sexue's.  L'analogie 
entre  la  meduse  et  la  fleur  se  confirme  de  jjIus  en  plus." 

I  have  taken  this  particular  zoophyte  as  an  illustra- 
tion of  others  because  it  can  be  easily  procured  and  kept 
in  the  aquarium,  but  the  student  who  wants  to  see  this 
marvellous  life-history  of  the  Hydroids  will  find  abundant 
variety  of  other  forms.  In  some  of  them  the  gono- 
zooid  is  of  more  complex  and  larger  form,  but  on  this 
occasion  I  have  only  described  what  I  have  actually  seen 
myself. 


THE  FACE  OF  THE  SKY  FOR  SEPTEMBER. 

By  Herbert  Sadler,  F.E.A.S. 

GROUPS  and  isolated  sunspots  are  increasing  in  size 
and  frequency.  The  following  are  conveniently 
observable  minima  of  someA  Igol  type  variables  (ef. 
"  Face  of  the  Sky  "  for  July)  :  Algol. — September 
3rd,  6h.  24m.  p.m.  ;  September  20th,  llh.  17m. 
P.M.  ;  September  23rd,  8h.  Cm.  p.m.  U  Corona}.— Sep- 
tember 4th,  lOh.  31m.  p.m.;  September  11th,  8h.  14m. 
P.M.  U  Ophiuchi.  —  September  1st,  7h.  40m.  p.m.  ; 
September  6th,  8h.  3Gm.  p.m.  ;  September  11th,  9h.  21m. 
P.M.  ;  September  lOth,  lOh.  7m.  p.m.  ;  September  21st, 
lOh.  52m.  P.M. ;  September  27th,  7h.  4Gm.  p.m. 

Only  two  planets  can  be  really  conveniently  observed  in 
September,  Venus  being  in  superior  conjunction  with  the 
Sun  on  the  18th  ;  Mars,  though  rising  on  the  last  day  of 
the  month  two  hours  before  the  Sun,  has  too  small  u 
diameter  (4-0")  to  be  of  any  interest  to  the  amateur; 
Saturn  is  in  conjunction  witli  the  Sun  on  the  13tli  :  and 
Uranus  and  Neptune  are  too  near  the  Sun,  as  evening  and 
morning  stars  respectively,  to  be  observed  with  any  profit. 
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Mercui-y,  though  in  inferior  conjunction  with  the  Sun  on 
the  13th,  and  therefore  invisible  during  the  first  half  of 
the  mouth,  becomes  a  striking  object  in  the  morning  sky 
during  the  latter  part  of  September.  On  the  19th  he  rises 
at  4h.  12m.  a.m.,  or  Ih.  Im.  before  the  Sim,  with  a  northern 
declination  of  4°  37',  and  an  apparent  diameter  of  91", 
about  Jji  of  the  disc  being  illimiinated.  On  the  21th  he 
rises  at  4h.  17m.  a.m.,  or  about  Ih.  38m.  before  the  Sun, 
with  a  northern  declination  of  6"  17'  and  an  apparent 
diameter  of  about  8",  about  j^  of  the  disc  being  then 
illuminated.  On  the  29th  he  rises  at  4h.  13m.  a.m., 
or  Ih.  4.5m.  before  the  Sun,  with  a  northern  declination  of 
5°  33',  and  an  apparent  diameter  of  6f",  about  -^^  of  the 
disc  being  then  illuminated.  He  is  at  his  greatest  western 
elongation  (17°  51')  on  the  28th,  and  during  the  last  three 
or  four  days  of  the  month  presents  pretty  configurations 
with  Mars,  Saturn,  and  the  Moon  (on  the  last  day). 
While  \isible  he  describes  a  short  looped  path  on  the  con- 
fines of  Leo  and  Virgo,  but  without  approaching  any  very 
bright  star. 

Jupiter  is  now  a  magnificent  object  in  the  evening  sky, 
being  visible  aU  night  long.  He  is  in  opposition  to  the 
Sun  on  the  5th,  being  then  at  a  distance  of  about  369 
millions  of  miles  fi'om  the  earth.  He  rises  on  the  1st  at 
6h.  56m.  p.:\i.,  with  a  southern  declination  of  7*^  50'  and  an 
apparent  equatorial  diameter  of  49-2",  and  on  the  30th  at 
4h.  54m.  P.M.,  with  a  southern  declination  of  9'  12',  and 
an  apparent  equatorial  diameter  of  48-2".  The  following 
phenomena  of  the  satellites  occur  before  midnight,  while 
Jupiter  is  more  than  S°  above  and  the  Sun  8'  below  the 
horizon.  On  the  1st  a  transit  egress  of  the  shadow  of  the 
second  satellite  at  8h.  20m.  p.m.,  and  a  transit  egress  of  the 
satellite  itself  at  8h.  81m.  p.m.  On  the  3rd  a  transit  egress 
of  the  shadow  of  the  fourth  satellite  at  lOh.  19m.  p.m.,  and 
of  the  satellite  itself  at  lOh.  33m.  p.m.  Before  midnight 
on  the  5th  all  the  satellites  will  be  to  the  west  of  the 
planet.  On  the  6th  a  transit  ingress  of  the  fir^t  satelhte 
at  llh.  9m.  p.m.,  and  of  its  shadow  one  minute  later.  This 
transit  should  be  carefully  watched,  as  the  satellite  will 
probably  be  seen  projected  ou  its  shadow.  On  the  7th  an 
occultatiou  disappearance  of  the  first  satellite  at  8h.  24m. 
P.M.,  and  an  eclipse  reappearance  of  the  first  satellite  at 
lOh.  43m.  25s.  p.m.  On  the  8th  a  transit  egi-ess  of  the 
first  satellite  at  7h.  53m.  p.m.,  and  of  its  shadow  five 
minutes  later ;  a  transit  ingress  of  the  second  satellite  at 
7h.  57m.  P.M.,  and  of  its  shadow  eight  minutes  later  ;  and 
a  transit  egi-ess  of  the  second  satellite  at  lOh.  48m.  p.m., 
and  of  its  shadow  ten  minutes  later.  On  the  10th  a  transit 
ingress  of  the  third  satellite  at  7h.  31m.  p.m.,  and  of  its 
shadow  at  7h.  59m.  p.m.  ;  a  transit  egress  of  the  satellite 
at  lOh.  51m.  p.m.,  and  of  its  shadow  at  llh.  25m.  p.m. 
On  the  14th  an  occultation  disaijpearance  of  the  first 
satellite  at  lOh.  8m.  p.m.  On  the  15th  a  transit  ingi-ess 
of  the  first  satellite  at  7h.  18m.  p.m.,  and  of  its  shadow  at 
7h.  34m.  P.M.  ;  the  egress  fi-om  transit  of  the  satellite  at 
9h.  36m.  P.M.,  and  of  its  shadow  at  9h.  52m.  p.m.  ;  a 
transit  ingi-ess  of  the  second  satellite  at  lOh.  13m.  p.m., 
and  of  its  shadow  at  lOh.  48m.  p.m.  On  the  16th  an 
eclipse  reappearance  of  the  first  satellite  at  7h.  7m.  22s. 
p.m.  On  the  17th  an  eclipse  reappearance  of  the  second 
satellite  at  7h.  56m.  20s.  p.m.  ;  a  transit  ingi-ess  of  the 
third  satellite  at  lOh.  46m.  p.m.,  and  of  its  shadow  at  mid-  - 
night.  On  the  21st  an  occultation  disappearance  of  the  ■ 
first  sateUite  at  llh.  53m.  On  the  22nd  a  transit  ingress  ' 
of  the  first  satellite  at  9h.  2m.  p.m.,  and  of  its  shadow  at 
9h.  28m.  P.M.  ;  a  transit  egress  of  the  satellite  at  llh.  20m. 
P.M.,  and  of  its  shadow  at  llh.  47m.  p.m.  On  the  23rd  an 
eclipse  reappearance  of  the  first  satelhte  at  9h.  2m.  87s. 
On  the   24th  an  occultation   disappearance   of  the   first  I 


satellite  at  6h.  45m.  p.m.,  and  its  reappearance  from  eclipse 
at  lOh.  31m.  51s.  On  the  26th  all  the  satellites  will  be  to 
the  west  of  the  planet.  On  the  28th  an  eclipse  disappear- 
ance of  the  fourth  satellite  at  8h.  6m.  53s.,  and  reappear- 
ance at  llh.  48m.  19s.  ;  an  ecHpse  reappearance  of  the 
third  satellite  at  9h.  20m.  7s.  On  the  29th  a  transit 
ingress  of  the  first  satellite  at  lOh.  47m.  p.m.,  and  of  its 
.shadow  at  llh.  23m.  p.m.  On  the  30th  an  eclipse  reap- 
pearance of  the  first  satellite  at  lOh.  57m.  57s. 

There  are  no  well-marked  showers  of  shooting  stars  in 
September. 

The  Moon  is  new  at  8h.  16m.  a.m.  on  the  2nd  ;  enters 
her  first  quarter  at  llh.  7m.  a.m.  on  the  11th;  is  full 
(Harvest  Moon)  at  5h.  4m.  a.m.  on  the  18th  ;  and  enters 
her  last  quarter  at  llh.  7m.  p.m.  on  the  24th.  She  is  in 
apogee  at  8-2h.  p.m.  on  the  4th  (distance  from  the  earth 
252,610  miles),  and  in  perigee  at  6-4h.  a.m.  on  the  18th 
(distance  from  the  earth,  221,720  miles).  Her  greatest 
eastern  libration  is  at  5h.  15m.  a.m.  on  the  12th,  and  her 
greatest  western  at  8h.  5m.  a.m.  on  the  24th. 

This  is  a  very  remarkable  Harvest  Moon,  as  the  Moon 
attains  her  perigee  less  than  an  hour  and  a  half  after  she 
is  full,  and  her  approach  to  the  earth  is  one  of  the  closest 
possible,  the  minimum  distance  at  perigee  being,  according 
to  Xeison,  221,614  mUes. 


Cijcss  Column. 

By  C.  D.  LococK,  B.A.Oxon. 


To  CoRRESPoxDEXTS. — Communications  for  this  column 
should  be  addressed  "  C.  D.  Locock,  Cintrn,  Hmvkhurst, 
Kent,"  and  posted  hefoiv  the  10th  of  each  month. 

Solution  of  Problem  No.  2  l////  (t.  F.)  :  1.  Q  to  KKt2  : — 
1.  .  .  R  to  KKt8  2.  K  to  B7,  etc. 

(or  Kt  checks) 
1.  .  .  KtxKt  2.  Q  to  Kt3  ch,  etc. 

1.  .  .  R  to  Q  R  4  2.  Kt  to  K4  ch,  etc. 

The  words  "White"  and  "Black"  were  accidentally 
transposed  on  the  diagram.  Fortunately  the  mistake  was 
one  which,  if  noticed,  should  easily  be  suspected. 

Correct  Solutions  from  : — Alpha,  K,  M.  B.  (Jesmond), 
C.  S.,  W.  T.  Hm-ley,  R.  W.  Houghton,  E.  B.,  C.  T. 
Blanshard,  Giu.  Pianissimo,  T.  A.  Earl,  T.  E.  Kerrigan, 
W.  E.  B.,  F.  R.,  J.  Landau,  R.  T.  M.,  A.  Rutherford,  T., 
J.  Taylor — (18  correct  ;  4  partly  incoi-rect). 

Alpha.  —  First  again,  according  to  your  prerogative. 
Your  criticisms  are  just.  No.  2  is,  the  composer  tells  us, 
his  third  attempt  only. 

Bctttla.— You  are  wrong  in  giving  two  continuations  for 
White  after  1.  .  .  R  to  R4,  and  again  after  1.  .  .  Kt  x  Kt, 
e.g.,  1.  .  .  R  to  R4 ;  2.  K  to  B7  (?),  R  to  KB8  ;  3.  No 
mate.  Or  1.  .  .  KtxKt  ;  2.  K  to  B7  (?),  Kt  to  K5  ;  3. 
No  mate.  Hence  the  deduction  of  four  points.  Your 
problem,  though  simple,  is  neat  and  artistic.  With  ties  in 
prospect,  it  may  be  necessary  to  defer  its  insertion  till  after 
the  tourney  closes. 

A.  C.  L.  W.—li  1.  .  .  KtxKt ;  K  to  B7,  Kt  to  K5  ; 
3.  No  mate.     This  loses  two  points. 

G.  F. — Omitting  R  at  QR8  does  away  with  variation  3. 
Omitting  the  other  Rook  permits  a  dual  in  the  same  varia- 
tion. The  White  Pawn  at  KR3  instead  of  Black  Pawn  at 
KR7  would  be  an  improvement.  Thanks  for  the  game, 
for  which  room  may  be  found  soon.  Glad  you  lite  the 
articles. 

C.  S. — Could  you  not  find  another  fiirst  move  ?  A  deter- 
mination to  do  so  might  lead  to  other  improvements  in 
construction. 
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H.  W.  P. — Solution  of  problem  No.  1  posted  .July  23, 
and  cannot  therefore  count  in  the  competition,  being  a 
fortnight  beyond  the  limit. 

J.  Johnston  and  T.  H.  BilUmiton  (Wolverhampton). — 
See  first  part  of  answer  to  "Betula."  By  a  curious  co- 
incidence you  both  give  in  two  variations  2.  Q  to  B3  ch. 
(obviously  a  misprint  for  Q  to  Kt3  ch.).  No  deduction  has 
been  made  for  this. 

T.  H.  B. — Thanks  for  problem,  which  shall  be  examined. 

J.  J. — With  the  exception  of  the  key-move,  your  solution 
is  totally  incomprehensible.  In  some  of  your  variations 
the  White  Pawns  move  in  the  same  direction  as  the  Black. 


PEOBLEM  (No.  3). 
By  C.  D.  L. 

Black. 


..  -~::^  w  i 


W^        ''=^^'*  """"'si«%%"'  I.  "'Mim, 


^         ^  ^-^ 


White. 

White  to  play,  and  mate  in  two  moves. 


Solvers'   Scores. 


Alpha 

W.  E.  B 

T.  E.  Kerrigan  ... 
W.  T.  Hurley    ... 

K 

Giu.  Pianissimo... 
T.  A.  Earl   .. 

P.  R 

R.  W.  Houghton 

G.  F 

E.B 

C.  S 

M.  B.  (.Jesmond) 
C.  T.  Blanshard 

R.  T.  M 

.T.  Landau 

A.  Rutherford 
T 


.J.Taylor     

A.  C.  L.  Wilkinson 
T.  H.  Billington... 

Betula 

-J.  Johnston 

A.  G.  Hansard  ... 

T.  Iv.  Bentley     ... 

F.  W.  Sharp       . . . 

White  Knight 

A.  .J.  Luisham    ... 

•J.  Humble 

A.  N.  Brayshaw... 
R.  A.  Lay  ton 

•J.  G.  Elhs 

H.  C.  H 

H.  S.  B. 

F.  de  F 


Scores  under  (>  will  be  omitted  in   uture. 


CHESS  INTELLIGENCE. 
The  Counties  Chess  Associ.vtkin  held  its  meeting  at 
Oxford  during  the  first  week  in  August.  In  the  principal 
tournament  a  tie  resulted  between  Mr.  .1.  H.  Blake,  of 
Southampton,  and  the  Rev.  A.  B.  Skipworth,  the  Hon. 
Sec.  of  the  Association.  Their  scores  were  the  high  ones 
of  7J  out  of  a  possible  9.  Other  scores  were  neccssai-ily 
low,  the  Rev.  J.  Owen  and  Messrs.  Trenchnrd,  Lambert 
and  .Jones-Bateman  being  equal  with  li.  Mr.  Thorold  was 
half  a  point  behind.  The  tie  for  first  prize  and  possession 
of  the  challenge  cup  will  be  played  off  in  Loudon,  probably 


in  October.  Mr.  Blake  having  been  successful  "  in  the 
personal  encounter  "  (to  use  Mr.  Steinitz's  expression)  will 
be  perhaps  slightly  the  favourite. 

Game  played  in  the  Divan  Tournament : — 


French  D 

efence. 

White. 

Black. 

(R.   Loraan.) 

(X.  Jasnagrodsky.) 

1. 

PtoK4 

1.  P  to  K3 

2. 

P  to  Q4 

2.  P  to  Q4 

8. 

QKt  to  B3 

3.  KKttoBS 

4. 

P  to  K5 

4.  KKt  to  Q2 

5. 

P  to  B4 

.5.  P  to  QB4 

6. 

PxP 

6.  Kt  to  QB3  !  (fl) 

7. 

Kt  to  B3  (i) 

7.  Kt  X  P  ?  ((•) 

8. 

B  to  Kt5 

8.  B  to  Q2 

9. 

Castles 

9.  P  to  QR3  (d) 

10. 

BxKt 

10.  PxB 

11. 

K  to  Rsq  (f) 

11.  B  to  K2 

12. 

Kt  to  Q4 

12.  Kt  to  Kt2  ( /■) 

13. 

Q  to  Kt4 

13.  P  to  Kt3 

14. 

B  to  Q2 

14.  P  to  QB4 

15. 

KKt  to  K2  ((/) 

15.  Kt  to  R4 

16. 

QR  to  Ksq 

16.  R  to  QKtsq 

17. 

B  to  Bsq 

17.  Kt  to  B3 

18. 

Q  to  R3  (/() 

18.  Kt  to  Kt5 

19. 

P  to  QR8 

19.  KtxP 

20. 

R  to  Qsq 

20.  Kt  to  R8 

21. 

P  to  B5  ! 

21.  Kt  to  KtG  ((") 

22. 

PxP 

22.  BPxP 

23. 

B  toE6 

23.  B  to  R5  ( j) 

24. 

R  to  B3  [k) 

24.  R  to  Ktsq  (J.) 

25. 

QR  to  KBsq 

25.  B  to  K2 

26. 

Q  to  Kt4 

2G.  Kt  to  Q5 

27. 

Kt  X  Kt 

27.  PxKt 

28. 

QxQP(»0 

28.  Q  to  Kt3 

29. 

Q  to  KB4 

29.  B  to  B3  (h) 

80. 

B  to  B8  ! 

30.  RxB 

81. 

Q  X  Reh 

31.  K  to  Q2 

32. 

Q  to  B4  {„) 

32.  P  to  QR4?  (p) 

33. 

Kt  to  E4 

33.  Q  to  Kt4 

34. 

P  to  QKt8 

34.  Q  to  K7  {q) 

35. 

Q  to  Q4 

35.  RxP 

36 

Q  to  R7ch 

36.  R  to  Kt2  (r) 

37. 

Kt  to  Boch 

37.  BxKt 

Position  after  Black's  37th  move. 
Black. 


1     wm     wm. 

^     -mm 

IllUE 

1 

■  k     i 

i 

1.    i  i  ^ 

i 

^ 

¥ 

#" 

=             'U5 

White. 
White  mates  in  six  moves  by 

38.  R  to  B7ch  38.  B  to  K2 

39.  RxBch!  (.v)  39.  KxR  (?) 

40.  Q  to  Boch,  and  mates  in  three  more  moves. 
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Notes. 

{<i)  Much  better  than  either  fi.  .  .  .  B  x  P  ;  7.  Q  to  Kt4, 
or  G.  .  .  .  KtxP;  7.  B  to  K8,  or  7.  Kt  to  B3.  Delayins: 
the  capture  puts  White  in  a  dileiunia,  for  he  cannot  tell 
how  the  Pawn  will  be  taken. 

(b)  If  7.  Q  to  Kt4  ?,  Kt  X  BP  ;  8.  B  to  K3,  P  to  Q5  ;  0. 
Castles,  Q  to  Kt3  !  winning  the  exchange.  7.  P  to  QR3  is 
sometimes  played,  and  has  the  merit  of  compelling  Black 
to  show  his  hand  (otherwise  White  will  defend  the  Pawn 
by  P  to  QKt-i),  but  does  not  in  other  respects  aid  develop- 
ment. We  would  suggest  7.  B  to  K3,  as  the  safest 
continuation,  but  disbelieve  in  the  whole  attack.  Mr. 
Loraan's  move  is  of  doubtful  value,  shutting  out,  as  it 
does,  the  Q  from  Kt-t. 

(c)  For  Black  could  now  hamper  development  con- 
siderably by  B  X  P.  White  now  hastens  to  Castle  while 
he  can. 

(d)  A  lost  move  ;  the  Bishop  is  quite  harmless.  He 
should  play  either  9.  .  .  .  B  to  K"2,  or  9.  ...  Q  to  Kt3  ; 
for  if  then  10.  B  to  K3,  KtxP!  ;  11.  KtxKt,  BxB  ;  12. 
P  to  QKt4,  BxR;  and  though  White  gets  some  attack 
by  retaking  the  Bishop  at  once,  it  should  be  parried  by 
careful  play. 

(e)  Kt  to  Q4  might  be  played  at  once. 

(/■)  Castling  is  much  better.  If  then  13.  Q  to  Kt4, 
P  to  KB4,  followed  by  Kt  to  K.5,  and  P  to  QB4  if  the 
Queen  moves. 

(;/)  Perhaps  Kt  to  B3  is  preferable,  leaving  K2  for  the 
other  Knight. 

[h)  The  key-move  of  an  ingenious  plan  for  breaking 
through  on  the  King's  side. 

((•)  If  KtPxP,  -22.  B  to  EG,  Kt  to  KtG  ;  23.  B  to  Kt7 
wins. 

(/')  The  only  move.  If  23.  ...  R  to  Ktsq,  24. 
Q  to  B3,  B  to  QBsq. ;  26.  Q  to  B7ch,  and  2C  Kt  x  P. 

{k)  Or  24.  Q  to  B3,  Q  to  K2 ;  2.5.  P  to  Kt3  (not  25. 
R  X  P  ?,  P  X  R  ;  2G.  Kt  X  P,  B  to  B3  !). 

(/)  To  prevent  B  to  Kt7  after  the  next  move  on  each 
side.     The  best  defence,  however,  is  probably  B  to  Bsq. 

(m)  If  28.  Q  to  B4,  B  to  Kt4  !  Not  28.  .  .  .  QB  to 
Bsq  ;  29.  Q  to  B7ch,  K  to  Q2  ;  30.  Kt  x  P,  &c. 

(n)  Overlooking  White's  brilliant  reply.  K  to  Qsq.  was 
the  only  move. 

(o)  Best.     If  Q  to  Kt7  Black  can  safely  take  the  KtP. 

(}))  Not  to  much  purpose.  Probably  his  best  chance  of 
drawing  lay  in  R  to  KBsq.,  in  order  to  remain  with  two 
Bishops  against  a  Rook  and  Knight. 

( 7)  Baiting  a  trap  to  catch  himself. 

(/■)  If  K  to  Ksq.  White  forces  the  game  by  37.  R  to  B8ch, 
BxR;  38.  Q  to  B7th,  89.  QxBch,  and  40.  Q  to  QGch, 
mating  in  a  few  moves,  or  winning  the  Queen.  The 
variations  are  worth  following  out. 

(x)  A  very  brilliant  termination. 

(t)  If  K  to  Qsq  mate  follows  in  three  moves  by 
K  to  BSch,  etc. 


KNIGHTS   AND  BISHOPS. 
( ( 'ontiniied  from  p.  1 60. ) 

4.  A  Bishop  acts  at  a  distance.  This  power  is  of  great 
importance  in  attacking  the  adverse  King.  To  take  a 
simple  instance  :  A  Bishop  checks  a  King  ;  the  King  can 
never  move  so  as  to  gain  time  by  attacking  the  Bishop  in 
turn.  On  the  other  hand,  when  checked  by  a  Knight  the 
King  has  tiro  squares  available  for  coming  in  contact  with 
the  attacking  piece.  Take  again  the  case  where  a  Knight 
is  used  to  defend  a  single  Pawn  in  the  end-game.  The 
adverse  King  (or  Queen)  by  attacking  both  at  once  wins 
one  or  the  other.  A  Bishop  in  a  similar  situation  would 
simply  move  away,  still  holding  on  to  the  Pawn.  Hence 
we  get  the  corollary  that  in  di'fmditKj  Pawns  a  Bishop  is 
superior  to  a  Knight ;  in  uttarkinii  them  the  case  is  reversed 
{vide  point  2). 

5.  Again,  in  the  end-game  a  Knight  is  inferior  to  a 
Bishop  in  the  art  of  stojipinfi  passed  Pawns.  Imagine  a 
diagonal  series  of  six  Pawns  extending  from  Black's  QKt2 
to  his  KKt7.  A  White  Bishop,  by  simply  occupying  the 
diagonal  in  front,  effectually  stops  the  whole  six  from 
advancing.  A  Knight  would  be  helisless  against  more  than 
ttrn  of  the  six.  In  the  case  of  a  single  adverse  passed 
Pawn  advancing  to  Queen,  it  is  obvious  that,  while  a 
distant  Knight  will  have  to  start  at  once  in  order  to  catch 
it,  a  Bishop  may  quietly  wait  until  the  Pawn  has  reached 
the  sixth  or  seventh  row.  This  is  owing  to  the  superior 
pare  of  the  Bishop. 

G.  A  Bishop  can  iirdn  a  mare,  i.e.,  it  can  take,  if  neces- 
sary, an  odd  number  of  moves  to  leave  and  regain  the 
square  which  it  occupies.  This  is  sometimes  of  importance 
in  the  end-game,  and  here  again  the  Knight  is  at  a  dis- 
advantage, the  process  mentioned  invariably  taking  an 
rreii  number  of  moves. 

7.  A  Bishop  can  rontine  a  Knight  at  the  side  of  the 
board.  This,  of  course,  will  seldom  occur  except  in  the 
end-game. 

8.  A  Bishop  "  pins  "  ;  a  Knight  "  forks."  The  latter  is, 
we  think,  by  far  the  more  dangerous  gift.  There  are  more 
opportunities  for  its  exercise,  and  there  is  no  "  interposing  " 
against  a  "  fork."  The  summing-up  and  verdict  must  be 
deferred  till  the  next  number. 
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EARWIGS.-I. 

By  E.   a.  IkiTLER. 

Till';  family  of  British  Earwigs  is  a  small  one, 
numbering  at  present  six  species  ;  no  more  than 
two  of  these,  however,  are  common,  and  probably 
most  people  know  only  one,  which  to  them  there- 
fore ranks  as  the  Earwig.  This  is  the  insect 
whose  scientific  name  i.s  For/ieulti  anrinilariii,  the  well- 
known  species  which  is  to  be  found  abundantly  everywhere. 
We  will  take  this  common  and  i-asily  obtained  insect  as 
the  typo  of  the  group,  in  the  hope  tliat  oin-  readers  will 
catcli  one,  and  follow  with  us  the  outline  of  its  form  ;  the 
deviations  of  structure  which  the  other  species  present  will 


then  be  easily  appreciated.  The  common  Earwig  is  so 
well  known  that  only  a  few  words  will  be  necessary  to  add 
accuracy  of  detail  to  the  rough  general  idea  of  its  shape 
and  structure  that  is  already  in  everybody's  mind.  Ex- 
clusive of  the  forceps  at  the  end  of  the  body,  wliich  vary 
considerably  in  size,  the  common  Earwig  has  a  length  of 
about  half  an  inch.  It  has  a  flat,  rounded,  reddish  head, 
carrying  a  pair  of  15-jointed  antenns,  at  the  base  of  which, 
but  outside  them,  are  the  black,  oval,  compound  eyes, 
which  lie  flat  and  do  not  project  from  the  head.  No  ocelli, 
or  simple  eyes,  are  present. 

Behind  the  head  is  the  thin,  flattish,  shield-like  cover  of 
the  first  segment  of  the  thorax,  which  projects  at  the  sides  as 
a  kind  of  flap,  and  behind  laps  over  the  fi'ont  of  the  wing- 
covers.  It  is  dark  brownish-black  in  the  centre,  with  pale 
yellowish  borders.  Behind  this  is  a  pair  of  pale  yellowish- 
brown  wing-covers,  or  elytra,  which  are  thin  and  flexible, 
and  lie  flat  on  the  back,  but  bend  do^Ti  at  the  sides  like  those 
of  the  house-cricket ;  when  closed  they  exactly  meet,  with  a 
straight  junction  along  the  middle  line.  Their  hinder 
edge  in  reality  forms  almost  a  straight  line  across  the 
body,  but  at  first  sight  this  does  not  seem  to  be  the  case ; 
they  appear  to  have  two  projecting  pieces  in  the  middle  of 
this  edge,  which  remind  one  of  the  shape  of  the  two  halves 
of  the  cloven  hoof  of  a  cow,  save  that  they  are  almost  flat. 
These,  however,  are  not  part  of  the  wing-covers  at  all,  as 
may  easily  be  proved  by  raising  the  latter  with  the  point 
of  a  needle,  when  these  projections  are  seen  to  be  in  no 
way  attached  to  them  ;  they  belong  in  fact  to  the  wings, 
which,  except  for  this  part,  are  entirely  concealed  under 
the  covers.  The  wings  and  their  covers  when  closed,  as 
one  usually  sees  them,  are  so  short  that  they  conceal  little 
more  than  the  hinder  part  of  the  thorax,  and  thus  leave 
almost  the  whole  of  the  abdomen  exposed. 

The  abdomen  is  by  far  the  largest  part  of  the  insect, 
being  the  longest,  the  widest,  and  the  deepest,  so  that 
when  the  Earwig  walks  the  fore  part  of  the  body  is  elevated 
a  little  on  the  legs,  while  tbe  abdomen  almost  trails 
along  upon  the  ground  (Fig.  1).  Nine  distinct  segments 
can  be  seen  above 
in  .  the  abdomen 
of  the  male,  but 
only  seven  in  the 
female ;  they  are 
of  a  mahogany- 
brown  colour,  more 
or  less  tinged  in 
places  with  black.  To  the  hindmost  segment  are 
attached   the   forceps,   by   which   feature   alone    Earwigs 


Fig.   1.     I'o.«ition  of  Earwig  whcu  walking. 


Fig.  2.  Forrops  of  Earwigs. — .\,  male;  B,  female. 
Shown  ill  the  position  they  take  up  after  death, 
ilagnificd  six  diameters. 

can  be  distinguished  from  all  other  insects.     They  differ 
considerably   in   shape   in   the   two   sexes    (Fig.   2)  ;    in 
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the  male  each  foi-ms  a  curve,  so  that  when  closed  they 
constitute  the  honudaries  of  an  open  oval  space.  On  the 
inner  edge,  near  the  base,  they  are  ornamented  with  small, 
irreE;ular,  tooth-like  projections,  and  beyond  these  on  each 
side  there  is  a  solitary  but  much  larger  one,  just  where  the 
"legs"  of  the  forceps  begin  to  diverge.  The  forceps  are 
strong,  stout  organs,  of  a  yellowish-brown  colour,  with  the 
teeth  blackish ;  they  are  highly  polished,  and  exhibit  in 
different  specimens  considerable  variety  as  to  length  and 
degree  of  curvature.  Sometimes,  through  accidents  in 
early  life,  they  become  twisted,  or  otherwise  deformed. 
Those  of  the  female  are  simpler  and  less  elegant.  They  do 
not  curve  outwards  when  closed,  but  lie  side  by  side  as  far 
as  the  tip,  where  they  cross  one  another  slightly.  In  both 
sexes  they  are  habitually  carried  widely  open,  and  pointing 
obliquely  upwards.  The  six  legs  are  yellowish  and  almost 
transparent,  and  are  composed  of  the  usual  parts. 

Such  is  the  external  aspect  of  the  common  Earwig,  from 
which  we  may  now  pass  to  consider  the  structure  and 
manipulation  of  the  wings,  which  are  by  far  the  most 
beautiful  part  of  the  insect,  and  deserve  special  attention. 
It  is  very  seldom  that  the  wings  can  be  seen  when  the 
Earwig  is  alive,  for  they  are  used  chiefly  by  night,  and  one 
can  have  no  conception  of  their  size,  or  of  the  beauty  that 
lies  concealed  under  their  covers,  if  one  merely  watches 
the  running  insect ;  indeed,  it  is  difficult  under  such  cir- 
cumstances to  believe  even  in  their  existence.  To  examine 
the  wings  properly  the  Earwig  must  be  killed ;  this  may 
be  done  instantaneously,  and  without  damage,  by  plunging 
it  into  boiling  water.  Let  it  then  be  placed  on  blotting 
paper  to  dry  it,  and  afterwards  laid  full  length  upon  some 
hard  surface.  Then  let  the  wing-covers  be  raised  and 
separated  a  little  towards  the  right  and  left  ;  a  neat  little 
package  will  thus  be  found  under  each,  which,  strange  as 
it  may  appear,  is  really  a  beautiful  transparent  wing,  folded 
up  into  extremely  small  compass.  By  dint  of  care  and 
patience  it  may  be  opened  fold  after  fold  till  its  full  extent 
is  exposed,  when  it  will  be  found  to  spread  over  an  area 
some  seven  or  eight  times  as  large  as  the  cover  under  which 
it  was  hid. 

The  complete  imfolding  of  the  wing  is  a  delicate  opera- 
tion, and  must  be  managed  methodically.  The  following 
method  will  succeed  very  well  if  the  directions  are  care- 
fully attended  to.  The  wing-cover  having  been  removed 
by  raising  it  behind  and  then  gently  snipping  it  off  in 
front  with  a  fine  pair  of  scist-'ors,  the  folded  wing  lying 
beneath  may  be  carefully  seized  with  forceps,  lifted  up  and 
snipped  off'  in  the  same  way  as  the  cover,  or  it  may  be 
gently  jralled  away  from  its  attachment.  As  it  is  too 
small  to  be  conveniently  manipulated  unless  when  fixed 
to  some  support,  a  card  should  be  provided,  on  which 
may  be  placed  with  a  small  camel's-hair  brush  a  very 
little  gum  tragacanth,  made  by  soaking  a  small  piece  of 
the  solid  gum  in  water  till  it  is  of  the  consistency  of 
rather  thick  paste.  The  gum  will  very  quickly  dry  if  only 
small  quantities  are  used,  and  leave  no  trace  behind  ;  it 
should  not  be  put  on  the  card  till  the  wing  is  ready  to  be 
transferred  to  it.  The  wing  packet  may  now  be  placed 
gently  on  the  gum  with  the  uiipcr  surface  daivnu-anh.  In 
a  few  minutes  the  gum  will  be  dry  and  the  wing  will  thus 
be  fixed  (Fig.  3,  AJ.  By  aid  of  a  needle  it  will  now  be 
found  that  there  are  two  layers  of  material  folded  upon 
one  another  like  the  leaves  of  a  book.  One  of  the  edges 
will  be  observed  to  be  straight,  the  other  ciu'ved  ;  the 
straight  one  is  where  the  fold  occurs.  By  aid  of  the 
needle  the  flap  may  be  lifted  and  turned  over  along  this 
hinge  and  pressed  down  on  to  another  small  supply  of  the 
gum,  which  may  be  put  on  just  in  time  to  receive  it.  The 
wing  will  now  of  course  be  twice  as  broad  as  before,  and 


will  present  the  appearance  shown  in  Fig.  8,  B.     It  will 
now  become  evident  that   the  part  that  has  been  turned 


6--' 


Fig.  .3.  Four  stages  in  unfolding  Earwig's  left  •wing. 
The  small  letters  represent  the  same  parts  in  all  the 
figures.     Magnified  six  diameters. 

back  itself  consists  of  two  layers,  bent  upon  one  another 
not  in  the  same  direction  as  before,  but  with  the  hinge 
lying  across  the  wing  at  its  upper  end.  The  uppermost 
flap  may  easily  be  bent  back  across  its  hinge,  when  the 
wing  will  appear  as  in  Fig.  8,  C.  This  last  piece  should 
not  be  fastened  down,  but  simply  pressed  back.  Now 
comes  the  most  difficult  part  of  all.  The  long  smoky  part 
which  occupies  the  whole  of  one  side  of  the  wing  as  it  is 
now  displayed  consists  of  a  thin  membrane  strengthened 
by  leathery  rays,  and  arranged  in  a  number  of  longitudinal 
folds,  and  the  whole  is  bent  back  upon  that  part  of  the 
wing  that  is  attached  to  the  card  at  the  end  opposite  to 
the  position  of  the  former  hinge.  It  may  be  lifted  at  tl, 
and  as  it  is  raised  the  membrane  gradually  opens  itself  out 
in  all  directions.  The  outer  edge  may  be  gently  pushed 
back  on  to  the  card,  on  which  another  small  supply  of  gum 
has  just  been  spread,  and  if  care  be  taken  to  keep  the 
narrow  dark  triangle  shown  at  l>  (Fig.  8,  D)  in  the  same 
line  as  the  original  outer  boundary  of  the  wing,  the  rest 
wUl  fall  pretty  easily  into  its  place,  and  become  neatly 
spread  out  on  the  card.  If  it  does  not  settle  on  the  gum 
quite  smoothly  the  wrinkles  may  be  got  rid  of  by  using  the 
needle  as  a  sort  of  rolling  pin,  and  rolling  it  out  from  the 
stouter  towards  the  weaker  margin  of  the  wdug.  This 
last  operation  requires  care,  as  the  membrane  is  very 
easily  torn.  ^Ye  now  have  the  whole  wing  expanded  with 
its  imder  surface  uppermost.  It  will  keep  any  length  of 
time  in  this  position. 

To  imderstand  why  the  wing  always  folds  in  precisely 
the  same  way,  attention  should  be  directed  to  the  mem- 
branous part  last  exposed.  From  the  joint  b  (Fig.  3,  D) 
nervures  will  be  seen  radiating  hke  the  framework  of  a 
fan.  About  half-way  down  its  length,  each  dilates  into  a 
minute  sweUing,  and  as  the  indi^-idual  rays  diverge  more 
and  more,  other  shorter  ones  are  seen  to  spring  up  alter- 
nately with  them,  passing  outwards  to  the  edge  of  the 
wing,  but  not  reaching  the  hinge  aforesaid.  These  also 
have  each  a  similar  but  much  larger  swelling,  the  whole 
set  forming  a  row  parallel  to  the  hind  margin  of  the  wing 
(d,  Fig.  8,  D).     The  membrane  having  been  folded  hke  a  fan 
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along  the  lines  of  the  radiating  nervures,  all  these  little 
leathery  spots  are  brought  up  side  by  side,  and  the  whole 
collection  is  then  beut  across  at  this  spot,  thereby  reducing 
the  membrane  to  half  its  length.  A  transverse  nervure 
running  parallel  to  the  hind  margin,  but  nearer  to  the  line 
of  bending  than  to  it,  serves  to  give  stability  to  the  wing 
when  fully  expanded.  The  rays  are  the  divisions  of  the 
anal  nervure,  the  area  of  v/hich  in  most  insects  forms  only 
a  small  part  of  the  wing  nearest  the  body,  but  in  the 
Earwig  has  so  far  expanded  and  encroached  as  to  con- 
stitute almost  the  whole  wing. 

The  wing  readily  closes  of  its  own  accord  at  the  trans- 
verse bends,  in  virtue  of  its  own  elasticity  ;  but  obviously 
this  must  be  overcome  in  opening  by  some  external  force, 
and  it  is  just  here  that  the  forceps  at  the  end  of  the  body 
come  in  usefully.  The  Earwig  is  said  to  use  its  forceps  to 
aid  the  operation,  turning  them  over  its  back  to  do  so. 
There  is  great  difficulty  in  verifying  this  statement,  owing 
to  the  nocturnal  habits  of  the  creature  and  its  general  dis- 
inclination to  use  its  wings.  If  the  wings  are  opened 
artificially,  the  Earwig  will  often  go  for  hours  without 
closing  them,  and  then  when  it  finally  does  so,  probably 
the  experimenter  is  absent.  It  is  said  also  to  use  the 
forceps  in  closing  the  wings,  thougli  from  the  nature  of 
things  it  would  seem  that  they  would  be  less  requii'ed  then. 
There  are  some  foreign  species  whose  forceps  are  as  long 
as  the  body,  and  it  is  difficult  to  see  how  these  can  make 
such  a  use  of  their  exaggerated  tail  appendages.  The 
forceps  are  of  course  weapons  of  offence  and  defence  as 
well,  and  are  probably  quite  as  effectual  by  giving  a  terrify- 
ing appearance  to  the  insect  as  by  being  actually  used  for 
pinching. 

The  Earwig  is  one  of  those  insects  whose  metamorphosis 
is  incomplete,  lilse  the  cockroach,  cricket,  and  bed-bug. 
The  eggs  are  little  oval  yellow  things;  they  may  sometimes 
be  found  under  stones,  &c.  De  Geer  has  left  an  account 
of  a  mother  Earwig  which  he  found  with  a  batch  of  eggs, 
which  implies  that  these  insects,  contrary  to  the  general 
practice,  show  maternal  solicitude.  He  placed  the  eggs  in 
a  jar,  scattering  them  over  the  surface  of  some  earth  it 
contained,  and  then  put  the  mother  in.  She  immediately 
set  to  work  picking  up  the  eggs  with  her  jaws,  and 
conveyed  them  all  to  the  same  spot,  where  she  remained 
jealously  guarding  her  treasure  till  the  young  were  hatched. 
And  even  then  the  cares  of  maternity  were  not  over,  for 
the  young  ones  clustered  round  their  mother,  running  in 
and  out  between  her  legs  and  under  her  body,  like  chickens 
under  the  mother  hen.  When  first  hatched,  the  young 
are  quite  white,  except  for  the  eyes  and  jaws,  which  are 
reddish.  They  soon  darken,  however,  into  a  tolerably 
uniform  pale  brown.  They  are  very  similar  in  shape  to 
the  adult,  but  have  no  wings  or  wing-covers,  while  their 
antenn.e  also  have  fewer  joints,  and  their  forceps  are  more 
simple  in  form.  After  several  moults,  each  accompanied 
by  an  increase  in  size  and  a  darkening  in  colour,  they 
appear,  like  the  cockroaches  and  crickets,  witli  the  outline 
of  wings  sculptured  on  the  thorax ;  in  this  -form  they  are 
called  nymphs  or  pupa;.  The  next  moult  yields  tlie  perfect 
and  mature  insect,  with  the  full  number  of  joints  to  the 
antenniu,  wings,  wing-covers,  and  forceps  all  perfect,  and 
the  sexual  organs  fully  dov,k)j)ed.  At  each  moult  the 
insect  is  soft  and  white  immediately  after  casting  the  skin, 
but  gradually  becomes  harder  and  darker  by  exposure. 

Earwigs  are  extremely  voracious ;  they  are  chiefly 
vegetable  feeders,  and  are  especially  fond  of  the  corollas 
of  flowers,  so  that  they  arc  a  great  annoyance  to  gardeners 
by  nibbling  the  flowers  and  thus  spoiling  their  symmetry. 
Their  method  of  procedure  can  be  easily  waU-hed  bj 
gutting  a  few  specimens  in  a  glass  jar  and  supplymg  them 


with  flowers  such  as  the  garden  nasturtiums  (tropaeolums). 
The  jaws  work  in  the  same  wa}'  as  those  of  cockroaches,  the 
palpi  being  in  incessant  motion  all  the  time.  Earwigs  can 
run  up  and  down  the  perpendicular  sides  even  of  a  glass 
jar  with  perfect  ease,  an  accomplishment  very  essential  to 
their  well-being,  as  their  favourite  food  so  often  lies  up 
on  the  end  of  a  tall  stalk.  Hence,  one  can  account  for 
their  presence  in  sunflowers  and  other  tall  flowers,  without 
assuming  that  they  have  flown  thither.  They  habitually 
rest  with  legs  widely  spread  out,  and  this,  no  doubt,  helps 
to  give  them  a  firm  foothold.  On  the  other  hand, 
however,  as  everybody  knows,  they  are  extremely  ready  to 
relax  their  hold  ana  drop  at  once  to  the  groimd,  if  dis- 
turbed. They  are  fond  of  the  darkness,  and  it  would  almost 
seem  as  though  light  were  painful  to  their  eyes,  for  they 
habitually  endeavour,  when  disturbed  in  the  daytime, 
to  poke  their  heads  into  some  obscure  corner. 

Earwigs,  although  they  make  a  good  deal  of  mess  in 
the  places  they  frequent,  by  the  abundant  accumulation 
of  their  excrement,  are  yet  not  in  themselves  of  uncleanly 
habits,  but  are  in  person  usually  scrupulously  clean.  If 
watched  for  a  little  while  they  will  be  seen  cleaning  them- 
selves as  a  cat  would  do,  putting  the  forefoot  up  to  the 
mouth  and  then  rubbing  it  round  the  head  ;  the  hiud  foot 
will  also  sometimes  be  bent  roimd  underneath  and  brought 
up  to  the  mouth  in  the  same  way,  just  as  we  described  in 
the  case  of  the  Book-louse,  and  after  some  ti-emulous 
movements  with  the  jaws  and  j)alpi,  it  will  be  stroked 
down  the  back  several  times,  evidently  with  the  intention 
of  removing  particles  of  dust,  &c.  There  is  a  surprising 
air  of  intelligence  about  them  as  they  perform  their  ablu- 
tions, and  a  steady,  business-like  application  to  the  work, 
which  is  highly  amusing.  A  similar  appearance  of  a 
power  of  resource  and  vigour  of  purpose  are  often  to  be 
seen  while  they  are  feeding,  especially  when  an  Earwig, 
reaching  up  to  a  flower  above  its  head  and  almost  too  high 
for  it,  gives  it  little  tugs  with  a  jerk  of  the  head,  like  a 
horse  pulling  hay  out  of  a  rack. 

(To  be  continued.) 


INTERNATIONAL  YACHTING. 

13y  RicH.vKD  Bey.no.n,  F.ll.G.S. 

THE  ascendancy  of  Great  Britain  over  the  other 
maritime  nations  of  the  world,  in  the  size  and 
number  of  her  merchant  vessels  and  the  skill  of 
her  shipbuilders,  is  undoubted.  There  is  one 
department  of  our  marine,  however,  in  which  the 
place  of  supremacy  is  very  closely  contested  by  other 
countries,  liritish  yachts  are  not  allowed  to  retain  a 
position  of  pre-eminence  among  the  pleasure  craft  of  the 
world  without  encountering  the  powerful  rivalry,  first  of 
the  United  States,  and  secondly  of  France.  In  discussing 
the  subject  of  International  Yachting  it  would  be  well  to 
consider  first  the  difi'erent  types  of  yachts  obtaining  in  the 
Eastern  and  Western  Hemispheres.  It  must  be  remembered 
that  the  law  of  the  sur\ival  of  the  fittest  holds  good  in 
yachting,  and  the  kinds  of  boats  used  in  English  and 
American  waters  arc  those  which  are  best  adapted  for  the 
special  conditions  of  water  and  weather  thej"  have  to 
encounter.  In  the  United  States,  yachting  is  chiefly  pro- 
secuted along  the  Atlantic  seaboard,  and  as  the  prevailing 
winds  are  westerly,  it  follows  that  Americans  have  the 
shelter  of  their  eastern  coast  line  to  shield  them  from 
high  westerly  winds,  and  to  ensure  them  comparative  calm 
water  for  their  sport.  In  England  it  is  very  different ;  the 
south  and  west  coasts  are  those  most  affected  by  yachts- 
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men,  and  these  are  exposed  to  the  full  force  of  Atlantic 
seas.  Hci:ce  it  follows  that  the  ICnglish  yacht  must  be 
a  boat  of  greater  stability  than  the  American  type,  one 
that  is  ablu  to  make  good  weather  in  a  rough  seaway,  and 
need  not  always  run  to  port  on  the  approach  of  half  a  gale 
of  wind.  This  structural  difference  between  British  and 
American  tjpes  is  much  accentuated  when  an  international 
race  comes  off.  The  American  type  is  possessed  of  greater 
stiffness  than  English  yachts  usuaUy  are,  and  consequently 
can  carry  greater  sail  spread.  This  stifl'ness  holds  good  only 
through  the  ordinary  inclinations  at  which  yachts  are  sailed. 
At  au  angle  when  the  British  deep-keel  boat  is  perfectly  safe, 
the  stability  of  the  centre-board  boat  vanishes  altogether. 
Thus  the  celebrated  Vohintirr  could  can-y  an  enormous 
spread  of  canvas  until  an  inclination  of  76^  was  reached, 
when  its  stability  vanished.  The  Tliistl,',  however,  now  the 
Mitear,  is  practically  uncapsizable.  In  ordinary  weather 
the  centre-board  has  the  advantage  of  being  able  to  carry 
more  canvas  on  a  more  even  keel  than  the  English  type  of 
yacht,  and  at  the  same  time  possesses  the  additional 
advantage  of  making  less  leeway  without  increase  of  wave- 
making  resistance.  The  superiority  of  the  British  yacht 
needs  rough  weather  to  demonstrate  it.  Safety  is  assured 
where  the  American  type  would  be  absolutely  unsafe.  A 
glance  at  the  loss  of  life  attendant  upon  British  and  American 
yachting  shows  the  truth  of  this  statement.  Of  course  it 
is  impossible  that  English  yachting  should  be  prosecuted 
with  the  ardour  so  characteristic  of  yachtsmen  without 
disaster  of  some  kind.  During  the  three  years  ending  .June, 
1887,  the  average  loss  of  life  from  yachting  accidents  was 
ten.  The  season  1887-8  gives  a  loss  of  eleven  hves,  while 
1888-9  shows  a  reduction  of  this  number  to  four.  The 
mishaps  in  question  were  produced  either  by  collision  or 
stranding.  There  is  no  case  of  capsizing.  The  American 
record  compares  unfavourably  with  this.  Taking  the  year 
1887-8  we  find  some  serious  cases  of  capsizing,  which 
point  conclusively  to  a  woful  lack  of  stability.  The  sloop 
Mi/atcn/  capsized,  and  twenty-five  hves  were  lost.  The 
(inirir  was  thrown  on  her  beam  ends,  and  one  person  was 
drowned;  while  the  Olivetti'  cap)sized  in  Newark  Bay,  and 
six  lives  were  lost.  As  showing  the  risk  attendant  upon 
yachting  in  "  shallow  "  boats  of  the  "  skimming  dish  " 
type  the  above  figures  are  conclusive.  The  Mi/steri/  was 
2'Jl't.  Sin.  by  lift.  5in.,  with  a  draught  of  2ft.  .5in. ;  while 
the  dnicii'  was  70ft.  by  21ft.,  with  a  draught  of  6ft. 

Most  of  the  disasters  occurring  among  British  yachts 
are  those  which  happen  to  smaU  vessels  of  but  few  tons. 
The  larger  British  yachts  enjoy  an  immunity  from  disaster 
producing  loss  of  life,  that  is  most  remarkable,  only  one 
life  being  lost  from  boats  exceeding  40  tons  during  the  five 
years  terminating  with  the  yachting  season  1888-9. 

The  international  races  between  British  and  American 
Yachts,  besides  proving  of  the  greatest  interest  to  the 
naval  architect,  stir  a  national  enthusiasm  which  stimu- 
lates invention  on  both  sides  of  the  Atlantic.  Their 
present  discontinuance  is  to  be  regretted  as  the  inevitable 
result  of  the  conditions  under  which  the  American  Cup  is 
offered  for  competition.  English  yachtsmen  are  asked  to 
send  the  particulars  of  the  boat  they  propose  to  enter  for  the 
contest,  and  the  nature  of  the  details  enables  the  Americans 
to  build  a  boat  on  lines  which  they  think  an  improvement. 
Or  some  three  or  four  boats  maybe  built  and  the  best  selected 
to  compete  with  the  foreigner.  \Vhen  the  enemy  is  placed  in 
possession  some  ten  months  previously  of  the  length, 
draught,  extreme  breadth,  breadth  on  the  load  water  line, 
and  the  register  tonnage  of  the  challenging  craft,  he  is 
supplied  with  data  which  place  him  at  a  very  great 
advantage  indeed.  To  such  stringent  conditions  as  these, 
British  yachtsmen  can  hardly  be  expected  to  concede,  and 


until  some  important  modification  is  arranged  international 
competitions  for  the  possession  of  the  American  Cup  must 
cease. 

The  conditions  attached  to  the  international  race  whicli 
our  Royal  Victoria  Yacht  Club  attempted  to  arrange  are 
much  fairer.  The  challenger  needs  only  to  send  an 
approximate  specification  of  the  design  of  the  vessel  he 
^vishes  to  enter.  The  length  on  the  load  line  must  be 
stated,  and  the  rating,  but  a  margin  of  variation  of  5  per 
cent,  on  the  length  and  10  per  cent,  on  the  rating  is  allowed. 

The  American  excess  of  patriotism,  which  amounts  to 
exclusiveness,  makes  itself  felt  in  other  directions  besides 
excluding  competitors  from  the  chance  of  winning  the 
American  Cup. 

The  jirotectionist  policy,  of  which  the  McKinley  Tariff 
Act  is  typical,  affects  American  ship-owners,  and  more 
especially  yacht-owners,  very  seriously.  The  design  of 
the  measure  was  to  foster  native  ship  and  yacht  building 
by  levying  a  duty  of  50  c.  per  registered  ton  every  time  . 
a  foreign-built  but  American-owned  vessel  enters  a  United 
States  port.  Visiting  yachts  are,  to  a  certain  extent, 
exempt  from  this  impost,  but  if  their  visit  is  prolonged 
over  six  months  then  they  become  liable  under  the  Act. 
How  hardly  this  tax  will  fall  upon  American  citizens  a 
single  example  will  show.  Mr.  Frederick  Vanderbilt 
purchased  at  Cowes,  during  the  present  season,  the  steam 
yacht  Coniiiwriir.  Each  time  he  enters  one  of  the  United 
States  ports  he  will  have  to  pay  a  tax  of  £'40.  Au  American 
contemporary  thus  explains  the  working  of  the  Act  so  far 
as  visiting  yachts  are  concerned.  "  It  Lieutenant  Henn 
should  pay  a  friendly  visit  in  the  (inlntiii,  as  he  did  in 
1886-7,  arriving  in  August  of  the  former  year  and  staying 
until  October  of  the  latter,  he  would  be  compelled  to  pay 
duty  on  his  yacht — about  1800  dollars — and,  besides  this, 
a  tax  of  80  or  90  dollars  at  every  port  at  which  he  called, 
besides  being  liable  to  a  fine  of  100  dollars  each  time  he 
got  underway." 

Such  a  measure  as  this  can  hardly  tend  to  foster  friendly 
rivalry  between  British  and  American  yachtsmen,  and 
must  inevitably  decrease  tbe  enthusiasm  for  the  sea  and 
the  improvements  in  shipbuilding  which  it  was  intended 
to  foster. 

So  far  as  present  prospects  are  concerned  international 
yachting  in  the  future  will  be  confined  to  contests  between 
British  and  French  vessels.  Yachting  is  quite  a  new  sport 
in  France,  but  its  growth,  though  rapid,  has  been  phe- 
nomenal. It  is  not  so  very  long  ago  that  the  Eidalie  of 
20  tons,  built  at  Havre,  was  the  sole  representative  of  this 
type  of  craft  in  France.  Now  the  popular  interest  in  the 
nautical  pastime  is  such  that  a  highly  successful  weekly 
journal,  "  Le  Yacht,"  is  published,  and  French  yachtsmen 
are  longing  to  measure  their  strength  with  foreign  com- 
petitors. An  energetic  and  influential  committee,  formed 
to  further  yachting,  resolved  to  offer,  in  the  name  of  the 
Comite  du  Yacht  Francais,  a  challenge  cup  styled  "  Coupe 
de  France,"  as  the  prize  of  an  international  race  to  come 
off"  in  French  waters  during  the  racing  season  of  1892. 

The  friction  betss"een  England  and  the  States  relative  to 
yacht  racing  has  given  a  decided  check  to  the  multipli- 
cation of  large  yachts,  and  both  in  England  and  America 
the  feature  of  the  present  season  has  been  the  development 
of  small  yacht  racing.  The  90ft.  sloop  which  engrossed 
so  much  attention  along  the  Atlantic  seaboard  has  gone 
out  of  fashion,  and  the  largest  class  now  is  the  46ft.  boat, 
which  corresponds  to  the  Enghsh  20  tonner.  The  Pacific 
and  the  North  American  lakes  have  copied  the  movement 
initiated  in  the  eastern  nautical  centres,  and  nothing  but 
the  revival  of  international  racing  will  bring  the  big  boats 
into  favour  again.    Whether  the  present  friction  will  shortly 
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be  smoothed  over  remains  to  be  seen,  but  the  spirited 
action  of  our  Gallic  neighbours  ensures  that  in  one  direc- 
tion at  least  international  yacht  racing  is  not  altogether 
a  thing  of  the  past. 


SWIMMING   ANIMALS. 

By  E.  Lydekker,  B.A.Cantab. 
{('ontimu'd  from  pai/c  168.) 

THE  Divers,  Auks,  and  Grebes  are,  with  the  exception 
of  the  Penguins,  those  birds  which  appear  to  have 
been  most  profoundly  modified  for  a  life  in  the  water, 
being  equally  at  home  both  on  and  below  its  sur- 
face. In  these  birds  the  short  legs  are  placed  so  far 
back  that  when  on  land  the  body  is  carried  in  a  more  or  less 
nearly  erect  position,  as  we  may  observe  in  the  Guillemots  and 
PaiBns  of  our  coasts.  Although  the  legs  themselves  are  very 
short,  yet  the  toes  are  elongated,  so  as  to  convert  the  feet 
into  very  powerful  oars.  Most  oi  these  birds  look  exceeding 
awkward  when  on  laud,  and  as  they  use  both  their  feet  and 
wings  in  diving,  the  water  is  undoubtedly  the  element  in 
which  they  are  most  at  home.  Speaking  of  the  Eed- 
Throated  Diver  of  Northern  Europe,  Mr.  Dresser  observes 
that  "  it  swims  low  down  in  the  water,  and  when  uneasy 
or  alarmed  will  submerge  its  body  below  the  surface, 
leaving  only  the  head  and  neck  in  view.  When  it  dives  it 
vanishes  beneath  the  surface  without  noise  or  flutter,  and 
propels  itself  along  with  its  wings  as  well  as  its  feet, 
frequently  remaining  for  some  time  before  it  emerges  to 
view  again." 

The  most  remarkable  modification  which  birds  have 
undei'gone  for  the  purposes  of  an  aquatic  life  is,  however, 
presented  by  the  Penguins  of  the  Southern  Ocean.  These 
grotesque  birds,  some  of  which  attain  a  very  large  size,  are 
even  more  upright  than  tlie  Puflins,  and  when  arranged  in 
lines  on  the  clitt's  of  the  Antarctic  lands  have  been  compared 
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to  regiments  of  soldiers.  Their  short  wings,  which  are  of 
course  utterly  useless  for  flight,  and  have  but  a  very 
limited  range  of  motion,  are  converted  into  flipper-like 
paddles,  covered  with  short  bristly  feathers,  their  only  use 
being  as  additional  swimming  organs.  We  have  here, 
therefore,  an  instance  of  an  organ  originally  modified  for 
an  especial  purpose — flight — subsequently  undergoing  a 
kind  of  retrograde  modification  for  a  totally  different  use, 
although  still  retaining  the  structiu-al  peculiarities  which  it 
presents  in  ordinary  birds.  Certain  features  in  the  structure 
of  the  leg  of  the  Penguins  suggest,  however,  that  these  birds 
belong  to  a  very  primitive  type. 

We  must  not  conclude  our  notice  of  swimming  birds  with- 
out reference  to  the  extinct  Hesperuntis,  of  the  Cretaceous 
beds  of  the  United  States.  This  remarkable  bird,  which 
was  nearly  six  feet  in  length,  shows  evidence  of  its 
relationship  to  reptiles  by  the  retention  of  a  complete 
series  of  sharp-pointed  teeth  in  both  jaws.  In  the 
structure  of  its  bones  it  appears  to  come  nearest  to  the 
Grebes  and  Divers,  but  it  differs  from  all  the  swimming 
birds  in  having  lost  (so  far  as  can  be  determined)  all 
traces  of  wings ;  and  thus  affords  one  of  several  instances 
where  species,  long  extinct,  are  in  certain  respects  more 
specialized  than  any  of  their  living  relatives. 

Our  remaining  examples  of  Swimming  Animals  are 
taken  from  the  class  of  Mammals,  or  Quadrupeds,  as  they 
are  often  popularly,  though  inconveniently,  termed.  And 
we  shall  find  that  in  certain  members  of  this  group  the 
adaptation  to  an  aquatic  life  has  been  so  complete  as  to 
have  led  to  the  loss  of  all  external  features  characteristic 
of  ordinary  members  of  the  class,  and  has  thus  induced 
the  erroneous  popular  belief  that  the  animals  in  question 
are  really  fishes. 

In  several  groups  of  Mammals  we  find  that  a  few 
species,  or  genera,  have  been  more  or  less  modified  so  as 
to  become  export  swimmers  and  divers.  Instances  of 
these  are  afl'orded  by  the  Australian  Duck-Bill  (Knowledge, 
isflO,  p.  84)   among   the  egg-laying  ^Mammals,  the  Otter 

among  the  Carni- 
vores, the  Beaver 
and  Water- Vole 
among  the  Ro- 
dents, and  the 
Hippopotamus 
among  the  Ungu- 
lates. Since,  how- 
ever, none  of  these 
_^  •  depart  very  widely 

from  the  normal 
type  of  structure, 
we  may  pass  td 
the  consideration 
of  two  groups,  in 
which  all  the 
members  have 
undergone  more 
or  less  profound 
structural  altera- 
tions solely  and 
simply  for  the 
purpose  of  swim- 
ming. 

The  first  of  these 
groups  is  that  of 
the  Seal  s  and  Wal- 
ruses, which  form 
a  special  division 
of  the  Carnivorosi 
Through  the  spfr 
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cimens  exliibited  from  time  to  time  in  the  Gardens  of 
tlie  Zoological  Society,  most  of  us  are  more  or  less 
familiar  with  the  external  form  of  the  Seals  (Fig.  7), 
and  have  also  witnessed  the  exceeding  gracefulness  of 
their  evolutions  in  the  water.  In  all  Seals  the  limbs 
are  very  short,  and  by  the  complete  webbing  of  the  toes 
are  converted  into  paddle-like  organs.  Although  the 
amount  of  modification  is  greater  in  the  hind  than  in 
the  fore  limb,  yet  in  both  the  several  digits  of  the 
feet  still  retain  their  external  distinctness.  In  the  so- 
called  Eared- Seals  (from  which  the  seal-skin  of  commerce 
is  alone  obtained)  and  Walruses  the  hind  feet  are 
turned  forwards  beneath  the  body  when  the  animal  is 
on  land,  after  the  ordinary  manner.  In  the  true  Seals, 
however  (Fig.  7),  these  feet  are  always  directed  backwards, 
and  thus  act  solely  as  propellers  in  the  water.  All  the 
Seal  tribe  are  clearly  very  closely  allied  to  the  ordinary 
land  Carnivores ;  and  the  Eared-Seals  and  AValruses 
indicate  the  mode  in  which  such  animals  have  under- 
gone a  progressive  modification  until  the  extreme  speciali- 
zation of  the  true  Seals  has  been  attained. 

The  second  group,  containing  the  Whales,  Porpoises, 
Grampuses,  Dolphins,  etc.,  differs  so  remarkably  from  all 
other  Mammals  that  it  has  been  referred  to  a  distinct 
order — the  Cetacca.  All  the  members  of  this  group  (Fig. 
1)  have,  indeed,  assumed  such  a  completely  fish-like  appear- 
ance that  it  is  even  now  frequently  difficult  to  con\ince 
people  that  they  are  true  ]\Iammals.  Their  mammalian 
nature  is,  however,  shown  by  their  warm  blood  and  four- 
chambered  heart,  by  the  circumstance  that  they  produce 
their  young  in  a  living  condition  and  nourish  them  by  milk 
drawn  from  the  udder  of  the  parent,  and  also  by  their 
respiration  being  eflected  by  the  aid  of  lungs.  The  "  spout- 
ing "  of  Whales  as  they  come  to  the  surface  is,  indeed, 
mainly  due  to  the  water  of  the  sea  being  thrown  up  as  the 
air  from  the  lungs  is  forcibly  expelled  from  the  nostrils 
before  the  animal  has  quite  reached  the  surface.  We  may 
add  that  the  certainty  that  Whales  are  true  members  of 
the  mammalian  class  is  one  of  the  strongest  reasons 
against  employing  the  term  "quadrupeds"  to  denote  that 
division  of  Vertebrates. 

Although,  as  aforesaid,  the  general  appearance  of  a 
Whale  or  Porpoise  is  fish-like,  yet  a  more  careful  examina- 
tion shows  certain  very  important  points  of  difierence.  In 
(he  first  place,  the  tail-fin,  or  "  flukes  "  as  it  is  termed  by 
whalers,  is  expanded  horizontally  instead  of  vertically. 
The  reason  for  this  horizontal  expansion  appears  to  be 
owing  to  the  necessity  the  Whale  is  under  of  coming 
rapidly  to  the  surface  for  the  purpose  of  breathing  ;  the 
upward  and  downward  strokes  of  the  powerful  flukes  being 
admirably  suited  to  effect  this  object  with  the  greatest 
speed.  Then,  again,  the  number  and  structure  of  the 
paddles  and  fins  is  quite  difi'erent  from  that  obtaining  in 
fishes.  Thus,  a  Whale  (using  this  term  for  the  whole 
group  of  allied  animals)  has  only  a  smgle  pair  of  flippers 
(Fig.  1),  which  correspond  to  the  fore  limbs  of  ordinary 
Mammals,  and  to  the  pectoral  fins  of  fishes.  These, 
however,  although  presenting  certain  peculiarities,  are 
evidently  modifications  of  the  normal  mammalian  fore 
limb,  and  are  devoid  of  any  structures  corresponding  to 
the  fin-rays  of  fishes.  They  have  lost  all  outward  trace  of 
the  digits,  being  completely  invested  in  a  common  integu- 
ment. Then,  again,  the  pelvic  fins  of  fishes  are  wanting ; 
the  only  traces  of  hind  limbs  being  certain  rudimentary 
bones  found  deeply  bedded  in  the  flesh  of  some  of  the 
species  (Knowledge,  1891,  p.  24,  fig.  2),  which  represent 
the  aborted  hind  legs  of  quadrupedal  Mammals.  If,  more- 
over. Whales  have  any  unpaired  fins  the  single  one  is 
situate   on  the  back  (Fig.  1),  and  its  structure  is  quite 


different  from  that  of  the  dorsal  fiu  of  a  fish.  In  order  to 
enable  them  to  stay  for  long  periods  below  the  surface,  the 
circulatory  system  of  Whales  develops  a  number  of  net-like 
arrangements  of  the  vessels  in  which  a  supply  of  fresh 
blood  is  stored  up. 

It  would  involve  too  much  detail  to  enter  into  the  con- 
sideration of  the  numerous  other  resemblances  existing 
between  Whales  and  ordinary  Mammals,  but  there  can  be 
no  sort  of  doubt  but  that  they  are  members  of  the  class  ; 
and  likewise  practically  none  that  they  are  descended  from 
a  group  of  originally  terrestrial  forms,  the  special  modifica- 
tion having  in  this  case  been  carried  to  a  considerably 
greater  degree  than  in  Seals,  which  we  know  have 
undergone  an  analogous  development.  Naturalists  are, 
indeed,  not  altogether  in  harmony  as  to  the  kind  of 
terrestrial  Mammals  from  which  Whales  have  descended, 
but  the  probability  is  that  such  ancestral  tj'pes  were  more 
nearly  allied  to  the  pig-like  Ungulates  than  to  any  other 
type  of  Mammals  with  which  we  are  acquainted.  The 
Hippopotamus  show^s  us  how  a  pig-like  animal  may 
become  amphibious,  and  there  is  no  reason  why  a  further 
development  should  not  go  on.  It  will,  however,  be 
understood  that  the  terrestrial  ancestors  of  the  Whales 
have  long  since  disappeared  from  the  face  of  the  earth  ; 
and  it  should  be  added  that  not  a  trace  of  the  intermediate 
connecting  forms  has  yet  revealed  itself  to  reward  the 
anxious  search  of  the  palieontologist.  The  Cetacea  are 
first  known  in  the  upper  part  of  the  Eocene  di^•ision  of  the 
Tertiary  period,  and  it  thus  seems  quite  clear  that  they 
were  developed  to  fill  the  gap  left  in  the  life  of  the  ocean 
by  the  disappearance  of  the  Ichthyosaurs  and  Plesiosaurs 
at  the  close  of  the  secondary  period  ;  the  general  replace- 
ment of  a  lower  by  a  higher  type  of  organization  being 
apparently  the  great  life-feature  by  which  the  early  part  of 
the  former  period  is  distinguished  from  the  latter. 


THE   DIAMOND    MINES  OF  SOUTH  AFRICA. 

By  Yaughan  Cornish,  B.Sc,  F.C.S. 

THE  first  South  African  diamond  was  found  in  1867, 
and  during  the  next  three  years  diamonds  were 
obtained  from  the  river  workings.  In  1870,  the 
mother  melt  was  found  at  Kimberley.  This  rock 
occurs  in  pipes  as  they  are  termed,  round  or  oval 
funnels  with  a  surface  area  of  several  acres,  and  of  great  but 
unknown  depth.  Some  have  already  been  excavated 
to  a  dex^th  of  800  feet  without  any  sign  of  reaching  a 
bottom,  or  bed  rock.  The  rock  first  worked  at  and  near 
the  surface  is  termed  the  yellow  ground,  a  friable  material 
fo'om  which  the  diamonds  are  readily  extracted.  When 
the  yellow  ground  was  worked  through  and  the  hlue  roek 
struck,  many  of  the  miners  imagined  that  the  deposit  was 
worked  out,  and  abandoned  their  claims.  Others  filled  in 
the  excavations  with  -the  ijelhm-,  and  sold  their  claims  to 
less  Icnowing  but  more  fortunate  adventurers.  The  "blue" 
proved  to  be  the  real  matrix  of  the  diamond,  the  "yellow" 
being  merely  the  blue  rock  altered  by  weathering,  a  yellow 
colour  having  been  produced  by  formation  of  oxide  of  iron 
fr'omthe  action  of  the  atmosphere  on  the  highlj'  ferruginous 
rock.  The  blue  is  a  volcanic  rock  of  very  peculiar 
character,  extremely  heavy,  and  of  the  structure  known 
as  hreeciated,  characteristic  of  a  volcanic  rock  which 
has  been  subjected  to  movement  after  hardening.  It 
contains  boiflders  of  all  sizes  up  to  twenty  tons,  and 
pieces  of  sandstone,  shale,  and  occasionally  fragments 
of  fossil  trees.  A  detailed  study  leaves  no  doubt  that 
the  pipes  are  of  eruptive  origin — a  pipe  being,  in  fact, 
the   neck   of    an   old   volcano — and    that   the    blue   was 
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forced  up  from  below,  the  sandstone  and  so  forth 
which  show  evidence  of  aqueous  action  being  undoubtedly 
derived  from  the  material  of  the  formerly  existing  rock. 
This  point  has  an  important  practical  bearing,  as  an 
aqueous  deposit  must  be  bottomed  sooner  or  later,  which 
is  scarcely  likely  to  occur  in  the  case  of  an  eruptive  forma- 
tion ;  hence  the  probability  that  the  supply  of  diamonds 
will  continue  to  hold  out.  The  extraction  of  the  diamonds 
from  the  blue  is  less  readily  effected  than  from  the  yellow 
surface  material.  The  blue  rock  is  first  spread  out  on  the 
surface  and  exposed  to  the  action  of  the  weather.  The 
disintegration  proceeds  best  when  wet  and  fine  days 
alternate,  and  in  dry  weather  the  process  is  hastened  by 
watering  the  material.  The  change  which  occurs  is  the 
same  as  that  which  produced  the  yellow  at  the  surface 
of  the  pipes.  When  the  process  has  gone  on  sufficiently 
long,  the  rock  is  treated  by  the  washing  machinery.  The 
lighter  materials  are  washed  away  in  a  pulsator,  and  the 
diamonds  and  heavier  minerals,  such  as  pyrites  and  garnet, 
are  left  in  a  sort  of  mud,  which  is  brought  on  to  a  table  and 
carefully  searched.  Comparatively  few  diamonds  are  dis- 
covered during  the  actual  mining  of  the  rock ;  they  are 
imbedded  singly,  and  are  not  conspicuous  objects.  The 
general  appearance  of  the  natural  diamond  is  somewhat 
like  that  of  a  piece  of  white  gum— the  brilliancy  of  the 
stone  being  only  called  out  by  the  operation  of  cutting. 
Naturally  the  stones  most  likely  to  be  noticed  are  those  of 
large  size,  and  it  is  these  which  are  the  great  prizes  of 
diamond  mining,  since  the  value  of  a  stone  rises  in  a  very 
rapid  ratio  with  the  size. 

Now  that  the  mining  is  no  longer  done  by  private 
adventurers,  but  the  whole  worked  under  one  manage- 
ment, it  is  extremely  important  to  ensure  that  the  workers 
shall  not  secrete  the  stones.  The  miners,  when  they 
come  up  at  the  end  of  their  shift,  are  carefully  searched. 
As  the  natives  work  without  clothes  it  might  be  supposed 
that  the  searching  would  be  a  very  simple  matter  ;  it  is 
not  so,  however,  the  hair,  ears,  and  teeth  being  used  as 
places  of  concealment.  The  stones  were  frequently  swal- 
lowed, which  led  to  the  system  of  keeping  the  native 
workers  in  compounds,  which  they  are  not  allowed  to  leave 
during  the  term  of  their  engagement.  No  spirits  are 
allowed  in  the  compounds,  where  the  "boys"  are  well 
taken  care  of.  The  life,  with  its  order,  and  enforced  dis- 
cipline, often  exercises  a  beneficial  ei!'ect  on  the  characters 
of  the  natives,  making  them  sober  and  saving.  The  laws 
against  receivers  of  stolen  diamonds  are  very  severe, 
I.D.li.'s  (illicit  diamond  buyers)  being  sentenced  to  six  or 
even  ten  years'  hard  labour.  Most  of  the  work  at  the  larger 
mines  is  done  by  contract,  the  company  paying  so  much  a 
load,  and  providing  and  housing  the  native  labourers,  who 
are  paid  by  the  person  undertaking  the  contract — gene- 
rally himself  an  experienced  minor.  There  are  about 
seven  natives  to  one  white  man  in  the  mines  :  of  the 
whites  some  GO  per  cent,  are  Uritish,  about  -1  per  cent, 
other  Europeans,  or  Americans. 

Now  that  the  mining  is  carried  on  at  great  depths,  the 
risks  of  accident  are  considerable.  Till  a  depth  of  about 
•100  feet  was  reached  the  system  of  open  workings  was 
followed,  but  as  the  depth  increased  the  falls  of  the  blue 
rock  became  more  frequent.  Zulu  watchers  were  stationed 
to  give  warning  to  the  miners  when  the  rock  showed  signs 
of  giving  way.  This  kind  of  work  involving  constant 
alertness  during  long  periods  of  inaction  is  peculiarly 
trying  to  white  men,  but  is  admirably  performed  by  the 
Zulus. 

The  appearance  of  the  mines  from  above  is  that  of  huge 
craters,  at  the  bottom  of  which  the  tunnelling  and  shaft- 
sinking  commences.     A  depth  of  some  800  feet  has  been 


reached  in  some  of  the  mines.  The  mode  of  descent  into 
these  huge  craters  is  simple  and  expeditious,  but  not  suited 
to  nervous  passengers.  A  kind  of  truck  or  tub  is  suspended 
below  two  wire  ropes,  the  flanged  wheels,  which  are,  of 
course,  above  the  tub,  running  on  the  ropes.  The  tub  is 
attached  by  a  third  wire  rope  to  a  winding  engme,  the  rate 
of  windmg  being  about  40  feet  a  second,  or  nearly  30  miles 
an  hour. 

The  average  weight  of  diamonds  obtained  per  load  (16 
cubic  feet)  of  blue  rock  varies  greatly  in  the  different 
mines ;  the  ordinary  limits  may  be  put  at  I-  and  2^  carats. 
Those  mines  which  have  the  largest  number  of  stones  do 
not  generally  produce  the  best  quality,  so  that  in  the  matter 
of  profit  there  is  a  sort  of  compensating  arrangement.  The 
comparatively  new  .Jagersfontein  mine  sends  stones  of  finer 
quality  than  the  better  known  Kimberley  and  De  Beers 
mines.  During  1889  the  total  output  of  diamonds  from 
South  Africa  was  four  million  carats,  or  about  ^  of  a  ton, 
the  value  of  which  may  be  estimated  at  rather  more  than 
£1  per  carat,  or  more  than  four  million  pounds  sterling. 
The  finest  diamonds  at  present  m  the  market  come  from 
South  Aft-ica— notwithstanding  the  popular  prejudice 
which  assigns  all  diamonds  of  "  the  first  water  "  (a  term, 
by  the  way,  which  is  not  customary  among  diamond 
merchants,  though  dear  to  lady  novehsts)  to  the  mines  of 
Golconda  or  Brazil.  Diamonds,  exceeding  the  Koh-i-noor 
in  size  and  equal  in  brilliancy,  have  been  found  in  the 
South  African  mines,  but  such  stones  are  no  longer  sought 
after.  Their  price,  calculated  to  rise  rather  more  rapidly 
than  the  square  of  the  weight,  is  nominally  very  great, 
but  no  one  will  pay  the  price  ;  and,  strange  as  it  may  seem, 
such  stones  are  now  spht  up  into  two  or  three  of  the 
largest  size  that  are  ordinarily  worn.  The  "crowned heads" 
are  apparently  now  all  furnished  with  crowns,  and  dia- 
monds of  a  size  which  seems  only  suitable  for  regalia  can 
no  longer  be  disposed  of. 

To  the  muieralogist  the  chief  interest  of  the  South 
African  mines  lies  in  the  fact  that  the  blue  rock,  or  "  kim- 
berlite,''  appears  to  be  the  original  matrix  of  the  diamond. 
Till  of  late  years  the  diamond  had  only  been  found  in 
alluvial  deposits,  its  mode  of  occurrence  giving  no  indica- 
tion of  its  mode  of  formation.  In  kimberlite,  however,  it 
appears  in  siti(,  and  the  character  of  the  minerals  with 
which  it  is  associated  may  perhaps  afford  some  guidance 
as  to  the  means  to  be  adopted  for  the  reproduction  of 
diamond.  The  rock  belongs  to  the  class  termed  ultra- 
basic,  having  a  low.  percentage  of  silica  and  a  high  specific 
gravity.  The  analogy  of  the  rock  to  certain  meteorites 
has  been  referred  to  in  a  previous  article. 

The  following  arc  the  principal  minerals  of  the  rock  : — 
Blotite  '  Ihnenite 

Bronzite  OUvine 

Chrome  diallage  Perowskite 

Chrome  iron  ore  Pyrites 

Garnet  Smaragilite 

Graphite 
The  olivine  occurs  in  largo  quantity.  This  mineral, 
under  the  action  of  weathering,  is  decomposed,  forming 
serpentine.  In  studying  the  occurrence  of  diamond- 
bearmg  sand  and  deposits  in  different  parts  of  the  world, 
the  late  Professor  Carvel  Lewis  arrived  at  the  conclusion 
that  diamond-bearing  deposits  occur,  as  a  rule,  in  water- 
courses which  take  their  origin  in  mountainous  tracts 
characterized  by  the  presence  of  serpentine.  Serpentine, 
or  a  rock  which  weatlicrs  to  serpentine,  was  considered 
by  Lewis  to  be  the  real  matrix  of  the  diamond.  The 
position  and  mineralogical  character  of  the  kimberlite 
rock,  filhng  in  the  neck  of  a  volcanic  vent,  plainly 
show    its    igneous    origin,    and    the    fact    that    it    has 
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been  protruded  from  below.  It  is  not  definitely  known 
whetber  tbe  diamonds  were  already  formed  in  tbe  rock 
before  its  eruption,  or  whether  they  had  been  produced 
by  alteration  of  the  materials  contained  in  the  rock 
displaced  by  the  eruption.  It  is  worthy  of  notice,  however, 
that  a  blacl;  shale  forms  one  of  the  surrounding  rocks,  and 
pieces  of  this  shale  have  been  found  baked  and  otherwise 
altered  in  the  "  blue  rock."  The  suggestion  has  been 
thrown  out  that  the  diamonds  were  formed  by  the  altera- 
tion of  the  carbonaceous  matter  of  the  shale,  under  the 
influence  of  a  moderately  high  temperature  and  great 
pressure.  Such  indications  of  origin  are  useful  as 
affording  suggestions  to  the  experimentalist,  to  whom, 
however,  in  spite  of  previous  failures,  we  must  still  look  to 
tell  us  definitely  how  the  diamond  is  formed. 

XoTE. — I  am  indebted  for  most  of  tlie  information  on  the 
methods  of  workins;  in  the  mines  to  mv  friend  Mr.  A.  R.  Sawyer, 
A.R.S.M.,  formerly  one  of  H.  M.  Insjicctors  of  Mines,  now  resident 
ill  Soutli  Africa. 


ON  THE  DISTANCE  AND  STRUCTURE  OF  THE 
MILKY    WAY   IN   CYGNUS. 

By  A.  C.  Eanyakd. 

IA:\I  indebted  to  Dr.  Max  Wolf,  of  Heidelberg,  for 
the  beautiful  photographs  of  the  Milky  Way  which 
illustrate  this  paper.  The  large  plate,  which  repre- 
S(?nts  the  region  about  a  Cygni,  is  enlarged  from  a 
photograph  taken  with  an  exposm-e  of  thirteen 
hours  and  five  minutes,  given  on  two  successive  days — 
viz. :  1891,  September  9th,  9h.  Om.  to  15h.  30m.,  and 
September  10th,  9h.  Om.  to  15h.  35m. — with  a  camera  of 
134  miUimetres  (that  is,  about  5j  inches)  aperture,  and  a 
focal  length  of  770  millimetres  (that  is,  about  30^  inches). 
The  camera,  therefore,  is  of  about  the  same  focal  length 
as  the  cameras  used  by  Mr.  Eussell  in  Sydney,  and 
Professor  Barnard  at  the  Lick  Observatory,  though  the 
pencils  of  light  falling  on  Dr.  Max  "\\'olf's  plate  were  only 
about  three-quarters  as  intense  as  those  falling  on  the 
plates  in  the  cameras  of  the  Sydney  and  Lick  Observa- 
tories ;  the  aperture  of  Dr.  Max  Wolfs  camera  being 
5'277  inches,  as  compared  with  a  full  six  inches  of  aperture 
at  the  Lick  and  Sydney  Observatories.  During  the  long 
exposures  Dr.  Max  Wolf  was  relieved  by  Messrs.  Staus  and 
Kosenplaenter  in  keeping  the  camera  continuously  directed 
to  the  region  photographed.  It  will  be  seen  that  in  all 
three  plates  the  motion  of  the  stars  has  been  very  satis- 
factorily followed. 

The  region  shown  in  the  large  photograph  is  specially 
interesting  for  many  reasons.  It  is  a  region  rich  in  red 
stars,  and  also  rich  in  the  small  class  of  stars  which 
show  bright  lines  in  their  spectra,  and  are  known  as 
Wolf-Eayet  stars.  It  corresponds  to  the  northern  end 
of  the  great  rift  which  di^-ides  the  Milky  Way  into  two 
branches  throughout  half  of  its  course  roimd  the  heavens, 
and  it  is  a  part  of  the  ]\Iilky  Way  crossed  by  the 
zone  of  large  stars  referred  to  in  the  May  and  July 
numbers,  as  probably  being  at  about  the  same  distance 
from  us  as  the  Milky  Way  stream  of  nebulous  light  and 
small  stars.  Dr.  Gould,  speaking  of  this  zone  of  large 
stars,  says  :  '■'■  "  Few  celestial  phenomena  are  more  pal- 
pable than  the  existence  of  a  stream  or  belt  of  bright  stars 
traceable  with  tolerable  distinctness  through  the  entire 
circuit  of  the  heavens,  and  forming  a  great  circle  as  well 
defined  as  that  of  the  Galaxy  itself,  which  it  crosses  at  an 
angle  of  about  20^  in  Crux  and  Cassiopeia.  Traversing  in 
the  southern  hemisphere  Orion,  Canis  Major,  Argo,  the 
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Centaur,  Lupus  and  Scorpio,  it  pursues  its  way  in  the 
northern  through  Taurus,  Perseus,  Cassiopeia,  Cepheus, 
Cygnus,  and  Ijyra,  its  line  being  less  obviously  continued 
by  the  stars  of  Hercules  and  Ophiuchus." 

It  will  be  noticed  that  the  two  large  stars  in  the  picture  (a 
and  y  Cygni)  are  surrounded  by  a  nebulosity  very  similar  in 
appearance  to  other  masses  of  nebulosity  evidently  asso- 
ciated with  small  stars.  Thus  the  lower  portion  of  the  bright 
cloud  to  the  right  hand  of  the  picture  is  composed  of  a 
milky  nebulosity  evidently  associated  with  the  stars  which 
lie  along  its  curving  border,  while  the  upper  part  of  the 
same  cloud-mass  is  more  granular,  and  seems  to  consist  of 
a  multitude  of  small  stars  on  a  background  of  fainter  nebu- 
losity. The  association  of  these  large  stars  with  nebu- 
losity which  certainly,  in  the  case  of  y  Cygni,  seems  to 
extend  into  and  form  a  part  of  a  larger  nebulous  mass 
evidently  associated  with  the  small  stars  of  the  Milky  Way, 
is  another  important  link  in  the  chain  of  evidence  tending 
to  show  that  the  zone  of  large  stars  above  referred  to  is  at 
the  same  distance  from  us  as  the  small  stars  of  the  Milky 
Way. 

The  star  a  Cygni  is  of  the  1-5  magnitude  according  to  the 
Harvard  Photometric  Catalogue,  and  we  may  safely  assume 
that  the  smallest  stars  shown  on  the  photograph  which 
seem  to  be  associated  with  the  cloud-masses  are  not 
brighter  than  the  18th  magnitude  of  the  photometric  scale. 
A  difference  of  16}  magnitudes  between  two  stars  at  the 
same  distance  from  us,  means  that  the  brighter  star  must 
be  giving  about  four  million  times  as  much  light  as  the 
smaller  one  ;  that  is,  if  the  larger  star  had  a  photosphere 
as  bright  as  the  photosphere  of  our  sun,  and  a  diameter 
ten  times  as  great,  so  that  it  gave  a  hundred  times  as 
much  light  as  our  sun,  the  small  stars  would,  if  they  had 
photospheres  as  bright  as  the  photosphere  of  our  sun,  have 
a  diameter  only  a  little  greater  than  half  the  diameter  of 
the  earth. f 

Thus,  imless  we  suppose  the  diameter  of  a  Cygni,  and 
the  other  large  stars  associated  with  the  Milky  Way,  to  be 
enormously  great,  or  unless  we  suppose  them  to  be 
intensely  bright  compared  with  our  sun,  the  smaller  stars 
associated  with  them  in  the  Milky  Way  must  be  very 
minute  compared  with  our  sun.  The  actual  size  of  these 
suns  is  a  matter  of  considerable  interest  to  us,  for  if  we 
knew  the  size  and  brightness  of  any  of  these  stars,  or  if  we 
could  make  any  approximate  estimate  as  to  their  light- 
giving  power,  we  should  have  a  means  of  determining  the 
distance  of  the  Milky  Way.  Thus,  if  we  knew  that 
a  Cj'gni  did  not  give  a  hundred  times  as  much  light  as 
our  sun,  we  should  know  that  this  region  of  the  Milky  Way 
could  not  be  ten  times  as  distant  as  a.  Cmtnuri,  our  nearest 
neighbour  amongst  the  stars,  for  our  sun  would  probably 
appear  less  than  a  star  of  the  1'5  magnitude  if  it  was 
removed  to  a  distance  from  us  equal  to  the  distance  of 
a  C<-ntaurL 

Unless,  therefore,  we  are  prepared  to  believe  that  a  Cygni, 
and  all  the  other  large  stars  associated  with  the  Milky 
Way,  are  on  altogether  a  different  scale  from  our  sun,  as 
well  as  from  a  Cfnt(n(ri  and  the  other  stars  whose  magni- 
tude or  brightness  we  have  been  able  roughly  to  estimate, 
we  must  assume  that  the  Milky  Way  is  not  more  than  ten 
times  as  distant  from  us  as  a,  Centauri. 

Figs.  1  and  2  have  been  made  by  a  photographic  pro- 
cess so  as  to  show  the  chief  stars  in  Cygni,  recognizable 
in  the  two  photographs  on  our  second  plate.     With  the 


t  If,  on  the  other  hand,  the  IStli  niagnitnde  stars  associated  with 
a  Cygni  ai-e  as  large  and  as  bright  as  our  sun,  a  C'vgui  itself  would 
need  to  have  a  diameter  as  great  as  the  diameter  of  the  orbit  of  Saturn, 
if  its  photosphere  was  only  as  bright  as  the  photosphere  of  our  sun. 
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The  Region  of  the  Milky  Way  about  a  Cygni. 
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exception  of  the  letters  and  numbers  upon  them  they  are 
absolutely  untouched.  Fig.  2  very  nearly  corresponds 
with  the  region  comprised  in  the  large  plate,  and  it  will 
enable  our  readers  to  recognize  on  the  heavens  the  chief 
patches   of  light   and    the    brighter    stars    shown    in  the 
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Vm.  1.     index  map,  niiide  from  Dr.  Ma 
showing  tlie  jjrincipal  stars  about  «  Cygni. 


Wolf's  photograph, 


photographs.  They  are  at  present  very  conveniently 
situated  for  evening  observation.  The  brighter  stars  in 
the  curious  circle  of  stars  to  the  right  hand,  or  preceding 
side  of  the  line  joining  ;  and  X.  Cygni,  will  at  once  be 
recognized  with  an  opera  glass. 

On  Dr.  Max  Wolf's  photographs  the  region  within  and 


just  around  this  little  circle  of  stars  is  darker  than  the  rest 
of  the  field,  and  it  is  connected  with  a  dark  channel  which 
passes  across  the  nebulous  area  close  to  ;  Cygni.  It  seems 
to  be  part  of  a  dark  branching  structure  which  springs 
from   the  darker  region  on  the  preceding  side  of  ;  Cygni. 
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Fig.  2.     Index  map,  made  from  Dr.  Max  "Wolfs  photogrskph, 
sho^iTng  the  principal  stars  about  a  Cygni. 

A  similar  dark  branching  structure  is  well  shown  on  om- 
large  plate  a  little  to  the  north  of  a  Cygni,  and  it  is 
traceable  running  northward  to  near  the  top  of  the  plate, 
and  again  branching.  This  is  due  to  no  photographic 
defect,  for  it  is  clearly  visible  on  three  different  photo- 
graphs   of    this    region    which    have    been    sent   me   by 
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Dr.  Max  Wolf,  and  there  are  similar  dark  tree-like  struc- 
tures to  be  traced  on  Prof.  Barnard's  photograph  of  the 
Sagittarius  region,  a  copy  of  which  was  published  in  the 
•July  number  of  Knowledge  for  1890.  Two  of  the  most 
remarkable  of  the  dark  branching  structures  in  the 
Sagittarius  region  spring  from  the  dark  area  between  the 
two  clusters  of  stars  near  the  bottom  of  the  plate,  and 
from  this  same  dark  area  springs  the  bright  tree-like 
form  referred  to  on  page  51  (Knowledge,  March,  1891) 
as  affording  evidence  of  the  projection  of  matter  into  a 
resisting  medium. 

It  wiU  be  noticed  that  the  dark  channels  and  dark 
branching  structures  referred  to  are  all  bordered  by  lines  of 
stars,  which  mark  out  their  contour,  just  as  the  dark  areas 
around  -t,  Argus  are  bordered  by  lines  of  stars.  There  are 
three  striking  dark  patches,  irregularly  bordered  by  stars, 
near  to  the  edge  of  the  upper  portion  of  the  bright  cloud- 
like mass  to  the  right  hand  of  the  'j.  Cygni  pictm-e.  They 
are  best  shown  in  the  large  plate,  though  they  are  just 
visible  in  the  small  one.  These  dark  patches  remind  one 
of  the  small  dark  hole  bordered  by  stars  in  the  Sagittarius 
region  (see  Knowxedge,  July,  1890,  p.  17o).  The  lowest 
of  the  dark  patches  on  the  Cygni  plate  has  an  elliptic- 
shaped  group  of  small  stars  near  its  centre,  surrounded  by 
a  dark  elliptic  channel.  The  patches  seem  to  be  connected 
together,  and  to  form  part  of  a  dark  structure,  springing 
from  the  dark  area  to  the  south  of  y.  Cygni. 
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Fia.  4.      Lightly  etched  plate,  showing  ciu-rmg    ntbul;i 
and  nebulous  branches  from  52  Cvgni. 

A  remarkable  series  of  slightly  curved  lines  or  strings 
of  stars  will  be  seen  near  to  the  top  of  the  e  Cygni 
plate.  The  plate  should  be  held  sideways  to  see  them 
best,  as  they  run  nearly  vertically,  that  is,  north  and  south 
upon  the  plate.  I  have  made  an  enlarged  photograph  of 
this  region,  which  I  have  had  etched  upon  a  zinc  block 
(Fig.  3),  but  as  many  of  the  small  stars  are  lost,  the 
lines  of  stars  are  not  as  strikingly  shown  as  upon  the  plate. 
It,  however,  shows  a  very  curious  httle  circle  of  stars, 
■\vith  radial  streams,  near  to  T  Cygni.  The  radial  hnes  of 
stars  are  evidently  connected  with  the  Uttle  circle  of  stars 
from  which  they  radiate.  The  word  "circle  "  is  printed  just 
above  the  small  circle  of  stars  on  the  block,  but  its  striking 
character  is  best  recognized  on  the  plate. 

That  these  curves  and  allineations  of  stars  are  not 
fanciful  forms  or  chance  arrangements,  such  as  might  be 
detected  in  the  grouping  of  small  objects  thrown  down  at 
random  (such  as  drops  of  rain  falling  on  a  paving  stone), 
will  be  evident  directly  we  consider  the  question  from  a 
probability  point  of  view.  Many  of  these  star-streams 
contain  twenty  or  thirty  or  more  stars  of  about  the  same 
magnitude,  following  one  another  in  a  straight  or  curving 
line,  at  approximately  equal  intervals.     If  we  assume  that 


the  chance  is  one  to  four  that  a  point  thrown  down  at 
random  would  appear  to  fall  into  line  with  two  points 
already  in  position,  the  chance  against  ten  such  points 
falling  into  line  with  two  already  in  position,  so  as  to  form 
a  smooth  curve,  would  be  more  than  a  million  to  one,  and 
the  chance  against  twenty  such  points  falling  into  line  would 
be  more  than  a  million  of  millions  to  one.  This  is  much 
understating  the  improbability,  for  leaving  out  of  consi- 
deration the  chance  that  a  series  of  adjacent  stars  having 
no  physical  connection  should  all  be  of  nearly  the  same 
magnitude,  and  at  about  equal  spaces  from  one  another, 
the  chance  that  the  next  adjacent  star  should  fall  into  line 
with  a  series  already  in  a  straight  or  curving  row  must 
be  less  than  yVth,  for  the  eye  would  certainly  detect 
irregularities  or  deviations  from  the  general  trend  of  the 
curve  amounting  to  30°.  We  might,  therefore,  without  any 
further  evidence,  take  it  as  established  that  there  must  be  an 
intimate  connection  between  the  stars  of  such  a  stream,  and 
that  they  must  have  had  a  common  origin,  and  form  a  system. 
But  in  the  Pleiades  cluster  we  have  ocular  evidence  of 
a  physical  connection  between  the  stars  forming  two  such 
streams.  The  individual  stars  are  connected  together  by 
a  narrow  nebulous  band,  "  which  threads  them  together." 
Prof.  Pickering  has  also  succeeded  in  photographing  a 
faint  nebulous  band  of  light  in  the  Orion  region  which 
passes  through  sixteen  faint  stars.-'  We  have  also  some 
endence    of    a    similar   connection    on    Dr.    Max    Wolfs 
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Fig.  o.      Deeply 
cuiTing  nebula. 


etched    block,  showins   stars   in\olved 


;  Cygni  photograph  :  I  have  had  the  small  etchings, 
Figs.  4  and  5.  made  from  a  part  of  this  plate,  which  shows 
a  curving  nebula  involving  stars.  Fig.  4  has  been  lightly 
etched  so  as  to  show  the  nebulous  band,  and  Fig.  5  has 
been  more  deeply  etched  so  as  to  show  the  stars  involved 
in  the  nebula  and  linked  together  by  it.  Fig.  4  also 
shows  traces  of  two  nebulous  branches  from  the  star 
52  Cygni.  It  will  be  .seen  that  small  stars  lie  along  these 
curving  branches  and  appear  to  be  connected  together  by 
them. 


ILcttcrs. 


[The  Editor  does  not  hold  himself  responsible  for  the  opinions    or 
statements  of  correspondents.] 


THE  OBSERVATION  OF  BED  STAE8. 
To  the  Editor  of  Knowledge. 

De.vk  Sir, — I  fully  agree  with  ^Ir.  Franks  that  no 
demonstrative  proof  of  colour  instability  in  non-periodical 
stars   is  at  present  forthcoming.     Nor  is   his   scepticism 

•  See  "Annals  of  Harvard  College  Obserratory,"  vol.  xivii..  p.  155. 
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without  warrant  from  experience,  since  spurious  instances 
of  this  kind  of  change  might  be  counted  by  the  dozen. 
What  I  would  urge,  accordingly,  is  not  that  any  single 
alleged  fact  bearing  on  the  point  should  be  taken  as 
established,  but  that  a  more  determinate  plan  of  investiga- 
tion should  be  adopted  than  has  hitherto  been  in  use. 
Few  will  deny  that  a  strong  case  for  further  enquiry  has 
been  made  out.  The  evidence  at  hand  is  at  any  rate  of 
sufficient  weight  for  the  purpose  of  directing  special 
attention  to  certain  objects,  the  rumoured  colour- variations 
of  which  can  be  tested  only  by  patient  watching.  Now, 
under  this  system,  sundry  processes  of  variation  undoubtedly 
tend  to  become  arrested,  which  seemed  to  show  decidedly 
enough  in  the  twilight  of  casual  notice.  Whether  or  not 
the  changes  imputed  to  red  stars  will  fall  into  this  category, 
remains  to  be  seen.  My  personal  conviction  is  that  some 
of  them  will  prove  genuine,  but  it  is  founded,  I  admit,  on 
a  scanty  basis  of  experience.  Nevertheless,  /•  Velorum  made 
so  striking  an  exception  to  the  otherwise  unfailing  and 
emphatic  redness  of  Gould's  "red  stars,"  so  far  as  I  was 
able  to  review  them  at  the  Cape,  that  I  find  it  difficult  to 
conceive  of  the  change  as  apparent  only.  Properly  speak- 
ing, however,  all  observations  of  this  nature  yet  recorded 
ought  to  be  regarded  as  merely  indicative.  A  fresh  start 
should  be  made  with  a  view-  to  ascertain — first,  whether 
colour-variations  really  occur ;  secondly,  what  is  their 
cause,  if  they  do  occur.  Not  that  these  two  enquiries 
need  be  prosecuted  separately  or  successively  ;  the  better 
plan  would  be  to  carry  them  on  at  the  same  time,  and  by 
the  same  means.  In  neither  should  the  telescope  bo 
implicitly  relied  upon.  The  data  aflbrdod  by  it  should 
have  their  meaning  probed  and  deepened  by  the  concurrent 
aid  of  the  spectroscope.  A  useful  adjunct,  moreover, 
might  be  found  in  the  photographic  determination  of 
relative  magnitudes  ;  for  changes  of  tint  would  presumably 
be  accompanied,  and  might  even  prove  to  be  strictly 
measurable,  through  changes  in  the  chemical  intensity  of 
the  emitted  light. 

A.  M.  Clerke. 


Sirius      . . . 
Canopus... 
a.  Centauri 
Arcturus 

At  Sea.     Crossing  the  Line. 

O-IO  ?;  Argus  .. 
...     0-22             Kigel       ...      . 

0-34  Procyon  ... 
...     0-45       1       aOriouis 

0-7(i 
. .     0-8.5 
,.     1-00 

Ballysodare,  Co.  Sligo,  Ireland, 

\%th  Seiiteiiihti;  18!)1. 
Dear  Sir, — Looking  over  your  interesting  paper  on  the 
Pleiades  in  the  May  number  of  Knowledge,  I  was  sur- 
prised to  see  that  in  your  list  of  first  magnitude  stars  (p. 
!)1)  you  give  Canoj^us  only  sixth  in  order  of  brilliancy  ! 
From  my  own  observations  in  India  I  have  no  doubt  tliat, 
with  the  exception  of  Sirius,  Canopus  is  certainly  the 
brightest  star  in  the  heavens.  Indeed,  on  one  or  two  occa- 
sions I  found  it  very  little,  if  at  all,  inferior  to  Sirius. 
Gould  gives  ("  U.A.,"  p.  342)  the  order  of  brightness  : — 

Sirius        0-1       I       Arcturus 0  fS 

Canopus 0-4  aLyne      l-O 

a  Centauri        ...     0-7       |       Rigel         1-0 

and,  setting  aside  a  Centauri  (with  which  I  am  not  familiar), 
this  is  the  order  in  which  I  should  place  them. 

I  am  aware  that  there  is  a  difference  of  opinion  with 
reference  to  the  relative  brightness  of  Arcturus,  Capella, 
and  Vega,  but  to  anyone  who  has  seen  Canopus  there  can, 
I  think,  be  no  doubt  that  it  is  brighter  than  any  star  in 
the  northern  hemisphere,  I  am  aware  that  it  has  been 
suspected  of  variation — some  observer  in  Chili,  in  1801, 
thinking  it  brighter  than  Sirius ! — but  in  its  normal  state 
it  should,  I  think,  certainly  stand  second  on  the  list. 
Yours  very  truly, 

J.  E.  GoiiE. 
I  see  in   the  "  Cape  Observations  "  Sir  John  Herschcl 
gives  the  following  sequence,  observed  Mai-ch  2Hth,  1838  : — 


[I  have  given  the  readers  of  Knowleixje  the  benefit  of 
Mr.  Gore's  letter,  though  I  imagine  that  it  was  not  written 
for  publication. 

Accurate  photometric  measures  of  the  brighter  stars  in 
the  southern  heavens  are  much  needed.  The  magnitudes 
given  in  the  article  referred  to  are  from  Prof.  Pickering's 
"  Photometric  Catalogue  for  the  Northern  Sky  "  and  from 
the  "  Uranoraetria  Argentina  ''  for  the  rest  of  the  heavens. 
There  must  surely  be  some  mistake  about  the  estimates 
of  Gould  and  Sir  .John  Herschel  of  the  brightness  of  Siriu.s. 
But  if  we  adopt  their  order  of  magnitude,  it  makes  no 
difference  in  the  fact  to  which  I  wish  to  draw  attention — 
that  out  of  the  twelve  brightest  stars  in  the  heavens  seven 
lie  in  the  brilliant  girdle  of  stars  referred  to,  and  three 
are  intimately  associated  with  it,  being  situated  only  just 
on  the  opposite  border  of  the  Milky  Way. — A.  C.  R.^xy.vrd.] 


ARK  THE  LUXAE  R.V.YS  DYKES,  OR  DUE  TO  FISSURES? 
To  till'  Editor  of  Kno\\xedge. 

Sir, --The  paper  on  "  Lunar  and  Terrestrial  Vol- 
canoes," in  Knowledge,  August  1st,  pages  145-7,  and 
your  remarks  thereon,  are  most  interesting  to  students, 
and  I  trust  you  may  allow  me  a  small  space  for  a  few 
words  about  the  rays. 

With  Mr.  Hutchinson's  conclusion,  that  the  long  white 
streamers  radiating  from  Tycho  and  other  craters  cannot 
be  due  to  "  faults,"  most  selenographers,  who  understand 
a  little  geology,  will  at  once  agree. 

A  fault  is  not  only  a  fissure,  but  also  a  more  or  less 
vertical  "  slip,"  or  dislocation,  of  strata,  which  leaves  one 
side  much  higher  than  the  other  ;  hence,  if  the  rays  were 
due  to  faulting,  we  should  (frequently)  be  able  to  detect 
this  inequality  by  the  shadows  at  sunrise  and  sunset. 

As  a  matter  of  fact  this  feature  is  not  seen  in  the  rays, 
and,  when  we  realize  their  width,  this  explanation  of  them 
may  be  safely  set  aside  as  untenable. 

Mr.  Hutchinson  inclines  to  look  on  the  rays  as  trap 
dykes,  or  vast  cracks  into  which  some  white  molten  rock 
has  been  extruded:  but,  as  you  have  clearly  pointed  out, 
tiiey  are  far  too  wide  and  indefinite  along  the  edges  to 
permit  of  this  as  a  solution. 

As  Prebendary  Webb  so  clearly  points  out,  page  74  of 
his  "  Celestial  Objects," '■  the  chances  against  so  general 
and  exact  a  restoration  of  level,  all  along  such  multiplied 
and  most  irregular  lines  of  exposure,  would  be  incalculable.' 

If  the  rays  were  due  to  vast  fissures,  filled  in  with 
whiter  material,  the  distortion  (by  displacement)  of  the 
detail  would  be  quite  extraordinary.  Where  a  ray-dyke, 
ten  miles  wide,  cut  a  cleft  or  ridge  at  an  acute  angle,  the 
severed  extremities  could  not  possibly  remain  in  line. 

The  entire  region  around  Tycho,  especially  to  the  west, 
would  in  fact  have  been  so  revolutionized  by  the  vast 
fissures  and  dykes,  that  the  normal  detail  would  have  been 
iittiitij  (ililitcnitiil  if  the  rays  were  due  to  this  cause. 

So  that  this  also,  as  a  solution  for  these  singular  white 
streamers,  may  safely  be  put  aside  as  untenable. 

With  regard  to  the  view  that  they  may  be  due  to  snow- 
deposit,  along  the  margins  of  minute  iixsiirt'<.  we  are  at 
once  met  by  the  difficulty  of  understanding  how  they  come 
to  be  so  long,  so  radially  grouped,  and  so  minute  as  to  be 
nowhere  visible.     The  difficulty,  again,  of  conceiving  such 
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a  sustained  uniformity  in   the  dischai'ge   of  vapour  over  i 
such  lonj;  lines  seems  to  me  iosnrmountable. 

If  the  rays  were  occasionally  interrupted  by  blanks,  or  if 
we  could,  even  in  a  few  cases,  detect  the  fissure,  this  i 
solution  would  appear  more  likely,  inasmuch  as  the  visible  i 
"  clefts  ■'  are  so  obviously  fissures  in  the  crust,  whence, 
here  and  there  along  their  course,  vapour  has  been  given 
off  which  has  been  piled  as  snow  cones,  or  little  rings, 
called  craterlets. 

But  there  is  no  evidence  of  a  fissure,  as  far  as  I  am 
aware,  in  any  of  the  rays,  nor  can  we  trace  any 
evidence  of  a  piling  up,  as  in  the  strings  of  craterlets  ;  the 
ray  is  simply  a  whitish  streamer  destitute  of  all  structure, 
and  which  nowhere  deforms  the  detail  or  modelling. 

It  is  conceivable  that  among  1000  rays  owe  might  be  due 
to  a  fairly  straight  (and  continuous)  minute  fissure,  whence 
aqueous  vapour  had  been  so  ii/unlih/  iwludcd  nil  alumj  as  to 
give  the  appearance  of  a  w^hite  streamer,  as  the  snow  was 
deposited  on  each  side.  That  two  such  cases  should  occur 
would,  hoTvever,  be  remarkable,  and  that  "//  should  present 
such  a  combination  of  features  seems  to  me  really  in- 
credible. 

If  we  compare,  in  plan,  the  lines  of  fissure  passing  out 
from  our  great  terrestial  volcanoes  (such  as  those  figured 
on  page  l\'l  of  Judd's  "  Volcanoes  "'),  with  the  hmar  ray- 
systems,  we  at  once  see  a  radical  difference.  In  our  case 
the  lines  are  not  only  strongly  curved  and  branched,  like 
rivers,  but  occasionally  fork  at  right  angles  and  terminate 
generally  in  hranrhleU,  like  a  tree  top,  a  feature  which  is 
<iuite  foreign  to  the  rays,  as  far  as  I  am  aware. 

The  rays,  as  a  rule,  appear  to  be  solitary  tracks,  and 
this  seems  to  me  to  preclude  the  idea  of  their  being  due 
to  fissures,  the  more  so  as  the  visible  "clefts"  on  the 
moon  are  often  branched,  forked,  or  crossed. 

So  that  neither  faults,  trap-dykes,  or  fissures,  exuding 
aqueous  vapour,  would  seem  to  solve  this  perennial 
enigma. 

Sibsagar,  Assam,  India.  S.  E.  Peal. 

Auijust  -ISth,  1891. 

[I  do  not  think,  with  Mr.  Peal,  that  the  "  clefts  are  so 
obviously  fissures  in  the  crust."  Mr.  Neison  was  inclined 
to  regard  them  as  the  dry  beds  of  lunar  watercourses  or 
rivers.  At  page  I'l  of  his  book  on  "  The  Moon,"  Mr. 
Neison  says  :  "  With  regard  to  the  true  nature  of  these  rills 
or  clefts  absolutely  nothing  is  known,  whilst  they  are  too 
delicate  objects  to  allow  much,  if  any,  of  the  details  of 
their  formation  to  be  made  out.  It  has  been  supposed 
they  are  cracks  or  fractures  in  the  lunar  surface,  but  their 
intersection  and  general  conditions  of  existence  seem  quite 
inconsistent  with  such  a  supposition,  more  especially  in 
their  behaviour  with  reference  to  the  various  formations 
they  pass  through,  round  or  over.  In  many  points  they 
bear  some  resemblance  to  the  dried  beds  of  lunar  water- 
courses or  rivers,  but  in  many  features  do  not  seem  in 
accord  with  such  an  origin,  though  perhaps  it  presents  the 
most  feasible  explanation  of  their  nature  of  all."  We  should 
not  see  such  cracks  in  the  lunar  crust  unless  they  were  at 
least  a  quarter  of  a  mile  broad,  and  it  does  not  seem  to  me 
probable  that  the  precipitous  sides  of  such  cracks  would 
stand  (even  under  the  action  of  lunar  gravity)  if  the  cracks 
were  many  miles  in  depth.  The  sides  would  fall  together 
imless  they  were  supported  by  pressure  from  the  opposite 
precipice  at  very  frequent  intervals.  One  can  conceive 
of  such  a  deep  crack  filled  with  di'brix,  or  of  a  fault  many 
hundred  miles  in  length,  if  the  opposite  sides  pi-essed 
against  one  another  at  sufficiently  frequent  intervals  to 
give  support.  It  is  clear  that  the  lunar  rays  have  some 
connection  w'ith  the  volcanoes  from  which  they  radiate, 
and  the  theory  which  seems  to  me  most  probable  is  that 


they  correspond  to  radiating  cracks  or  faults  which  would 
not  be  seen  from  the  earth. 

Into  such  a  fault  or  crack  the  lunar  atmosphere  would 
enter,  however  rare  it  may  be  at  the  surface,  and  it  would 
be  considerably  compressed  at  great  depths.  We  know- 
that  on  the  earth  the  atmosphere  sinks  into  the  interstices 
of  the  soil,  and  that  on  every  fall  in  barometric  pressure 
it  rushes  forth  again,  laden  in  many  mines  with  gas. 
Everyone  is  familiar  with  the  earthy  smeU  of  the  air  after 
a  shower  of  rain,  when  the  lowered  pressure  of  the  baro- 
meter allows  the  air  which  has  been  forced  into  the  soil  to 
rush  back  to  the  surlace.  No  doubt  the  lunar  atmo- 
sphere is  similarly  compressed  into  the  soil,  during  the 
com'se  of  every  lunar  day,  owing  to  the  increased 
weight  of  the  lunar  atmosphere  caused  by  the  evaporation 
into  it  of  aqueous  vapour  from  the  snows  exposed  to  the 
direct  heat  of  the  sun.  The  air  would  be  forced  more 
freely  into  such  deep  fissures  and  cracks  than  into  the 
ordinary  soil,  and  it  would  return  to  the  surface  during 
the  lunar  night.  We  may  leel  sure  that  the  expansion 
of  the  air  on  reaching  the  surlace  would  cool  it,  as  the  air 
is  here  cooled  by  expansion  as  it  blows  up  a  mountain 
side.  This  is  well  known  to  be  the  cause  of  the  gi'eat 
rain-fall  on  mountain  tops,  for  the  air,  when  cooled,  will 
not  carry  as  much  aqueous  vapour  as  at  a  warmer 
temperature.  Similarly  the  lunar  air  would  be  cooled  by 
expansion  as  it  reached  the  surface,  and  it  would  deposit 
its  moisture  in  the  neighbourhood  of  the  vent. 

It  does  not  seem  to  be  altogether  improbable  that  air 
should  be  pretty  equally  exhaled  along  the  course  of  a  long 
fault  or  fissure.  The  branching  structure  figured  in 
Prof.  -ludd's  book  on  volcanoes,  referred  to  by  Mr.  Peal, 
does  not  represent  cracks,  but  "  intrusive  masses  of 
dolerite." — A.  C.  Kanyaed.] 

THE   ABSEXCE   OF   A   LUXAR    ATM081'HEEE. 
I'o  the  Editor  of  Knowledge. 

Dear  Sir, — While  composing  a  lecture  on  Astronomy,  a 
few  months  ago,  the  following  idea  occurred  to  me  as  a 
possible  explanation  of  the  circumstance  that  our  satellite 
is  destitute  of  atmosphere. 

It  is  well  known  that  when  comets  approach  the  sun, 
large  quantities  of  the  gaseous  portion  of  their  contents 
are  repelled  by  some  powerful  influence,  probably  the 
electrical  action  of  the  sun. 

If,  then,  we  assume  that  the  earth  has,  at  one  time, 
passed  through  a  sun-like  stage,  does  it  not  seem  probable 
that  it  would  then  exert  a  similar  influence  upon  the 
atmosphere  of  the  moon,  the  result  of  which  would  finally 
be  that  our  satellite  would  be  entirely  denuded  of  her 
atmosphere  '.' 

If  this  explanation  be  the  correct  one,  we  may  expect  to 
find  that  all  the  other  satellites  in  our  system  are  likewise 
destitute  of  atmosphere,  owing  to  this  action  on  the  part 
of  their  primaries. 

The  circumstance,  accordingly,  that  no  trace  of  an 
atmosphere  has  ever  been  discovered  in  connection  with 
the  satellites  of  .Jupiter,  furnishes  confirmation  of  the 
above-mentioned  theoiy. 

Alexander  C.   Henderson. 

Mount  Pleasant  Manse, 

Newburgh,  Fife,  Scotland, 

9(/i  September,  1891. 

We  have  no  evidence  that  gaseous  matter  is  repelled 
from  the  heads  of  comets  and  driven  into  space.  The 
polarized  condition  of  the  light  derived  from  the  tails  of 
comets  shows    that  the   light   of  the    tail   is   principally 
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scattered  by  fine  particles  of  dust,  which  ai-e  most  probably 
driven  away  from  the  sun  (not  by  electrical  action),  but  by 
evaporation  from  their  heated  sun-lit  sides.  Every  mole- 
cule evaporated  from  a  particle  towards  the  sun  must  give 
the  remnant  of  the  particle  a  kick  backwards  (see 
IvNowLEDdE  for  November  16th,  1888),  which  would  tend 
to  drive  the  unevaporated  remnant  away  from  the  sun.  It 
seems  very  improbable  that  gaseous  matter  is  driven  away 
from  the  sun,  or  the  gaseous  part  of  the  corona  and 
prominences  would  be  driven  away,  and  the  sun  would  be 
continually  diminishing  in  bulk. 

We  do  not  need  to  assume  altogether  different  conditions 
to  account  for  the  disappearance  of  a  lunar  atmosphere. 
Our  own  ocean  of  atmosphere  is  continually  being  drained 
by  the  absorption  of  gas  which  is  stored  up  in  solid  form, 
while  there  are  other  sources  from  which  the  atmosphere 
is  continually  being  recruited.  If,  owing  to  some  change, 
such  as  a  change  of  temperature,  the  supply  of  gas  to  the 
atmosphere  were  to  fall  below  the  quantity  which  is  con- 
tinually being  taken  up  and  stored  in  solid  form,  the 
amount  of  our  ocean  of  atmosphere  would  be  diminished, 
and  it  might  ultimately  be  drawn  so  low  as  to  fall  below 
the  amount  of  the  lunar  atmosphere  by  the  action  of 
chemical  changes  such  as  are  at  present  going  on. — A.  ('. 
Hanyakii.I 


ON  SOME   PECULIARITIES  OF  THE  VARIABLE 
STARS. 

By  J.  E.  Gore,  F.R.A.S. 

THE  long  period  Variable  Stars  have  periods  ranging 
from  100  to  over  700  days,  and  with  fluctuations 
of  light  from  about  one  magnitude  to  over  eight 
magnitudes.  Dividing  these  into  groups,  I  iind 
that,  the  maximum  number  is  found  among  those 
with  periods  of  275  to  375  days.  Chandler  finds  that  the 
longer  the  period  the  redder  the  tint.  According  to 
Chandler's  estimates  of  their  colours,  the  reddest  of  all  are 
— in  order — R  Leporis  (period  43(5  days),  V  Cygni  (461 
days),  S  Cephei  (484  days),  R  Sculptoris  (207  days),  and 
V  Hydrfe  (575  days).  Duner,  however,  makes  the  reddest 
variables  V  Hydrte,  S  Aurigse,  and  V  Cygni. 

The  Variable  Stars  of  short  period  include  10  stars  with 
periods  of  less  than  30  days.  Of  these  I  find  that  four 
have  periods  of  under  five  days,  eight  have  periods  of 
under  eight  days,  three  have  periods  of  less  than  11  days, 
and  three  under  18  days.  The  maximum  number  is, 
therefore,  under  eight  days.  The  variation  of  light  is 
usually  small.  In  but  few  cases  does  it  much  exceed  one 
magnitude,  and  in  several  it  is  less.  In  some,  as  in 
(3  Lyne,  ^  Geminorum,  and  ij  Aquilre,  all  the  changes  may 
be  observed  with  the  naked  eye  alone,  while  in  others 
an  opera  glass  is  necessary  to  follow  their  fluctuations. 

The  great  majority  of  these  short  period  variables  are 
found  in  a  zone  which  nearly  follows  the  course  of  the 
Milky  Way.  Another  curious  pecuharity  connected  with 
their  distribution  is  that  most  of  thein  lie — like  the  Tem- 
porary Stars— in  the  full' mi >i<i  semicircle,  that  is,  between 
12  h.  and  21  h.  of  Right  Ascension.  The  most  remark- 
able exception  to  this  rule  seems  to  be  ?  Geminorum, 
which  has  a  period  of  about  10  days  3|  hours.  All  the 
Variable  Stars  of  this  class  with  shorter  periods  tlian 
?  Geminorum  conform  to  tills  rule,  except  S  (15)  Mono- 
cerotis,  of  which  the  n<iHlar  variability  seems  very  doubtful. 
It  is  not  easy  to  conjecture  the  cause  of  this  peculiarity  of 
position,  for  the  Variable  Stars  of  other  classes  are  found 
scattered  indifi'erently  over  all  parts  of  the  celestial  vault. 
Of  the  Algol   type   variables  the   brightest  are  Algol, 


X  Tauri,  and  S  Librie.  The  others  are  much  fainter,  only 
two  being  visible  to  the  naked  eye  when  at  their  normal 
brightness.  Chandler  finds  that  "  the  shorter  the  period 
of  the  star  the  higher  the  ratio  which  the  time  of  oscilla- 
tion bears  to  the  entire  period."  Thus,  in  U  Ophiuchi, 
with  a  period  of  about  20  hours,  the  light  changes  occupy 
five  hours,  or  about  one-fourth  of  the  period,  while  in 
J  Cancri,  of  which  the  period  is  about  227^  hours,  the 
fluctuations  of  light  occupy  21^  hours,  or  about  one-tenth 
of  the  period.  All  the  Algol  variables  are  white,  or  only 
slightly  tinted,  and  it  would  therefore  seem  to  be  hopeless 
to  look  for  variables  of  this  class  among  the  highly- 
coloured  stars.  In  all  cases  in  which  the  stars  have  been 
examined  with  the  spectroscope  the  spectrum  is  found  to 
be  of  the  first  or  Sirian  type,  another  peculiarity  worthy  of 
notice.  The  same  remark  applies  to  the  stars  which  have 
been  found  by  the  spectroscope  to  be  close  binaries,  such 
as  X,  Ursse  Majoris,  /3  Auriga;,  and  Spica.  These  have 
spectra  of  the  first  type,  and  may  be  considered  as  Algol 
variables  in  which  the  plane  of  the  orbit  does  not  pass 
through  the  earth. 

If  we  assume  that  the  apparent  variation  of  the  Algol 
variables  is  due  to  the  transit  of  a  dark  or  nearly  dark 
satellite,  we  seem  logically  compelled  to  conclude  that 
these  stars  are  not  really  variable  at  all  in  the  true 
meaning  of  the  word.  Their  light  is  merely  obscured  at 
minimum  in  the  same  way  that  the  Sun's  light  is  reduced 
during  a  partial  Solar  eclipse.  It  is  simply  a  case  of 
occultation  of  one  star  by  another,  and  probably  these  so- 
called  variables  might  more  correctly  be  classed  among  the 
binary  stars.  If,  like  the  Temporary  Stars,  we  reject  the 
Algol  variables,  we  have  then  only  three  classes  of  true 
Variable  Stars,  viz.  : — (1)  stars  with  regular  periods  of 
considerable  length,  (2)  irregular  variables,  and  (3)  variables 
of  short  period. 

With  reference  to  the  general  distribution  of  the  'N'ariable 
Stars,  I  plotted  some  years  since  all  the  knowTi  variables 
on  one  chart  for  each  hemisphere,  and  I  do  not  find  any 
irnj  marked  tendency  to  aggregation  in  any  particular 
region  of  the  sky.  A  marked  pnuriti/  of  Variable  Stars  is, 
however,  noticeable  in  the  northern  hemisphere  in  the 
constellations  of  the  Lynx,  Coma  Berenices  and  Canis 
Venatici,  and  in  the  southern  constellations,  Canis  ^lajor, 
Coluinba,  Pictor,  Eridanus,  Fornax,  Horologium,  Grus. 
Microscopium,  Indus,  Toucan,  Hydrus  and  Octaus.  1 
notice,  however,  a  tendency  to  congregate  in  small 
subordinate  groups.  Tlie  most  remarkable  examples  of 
this  clustering  tendency  are  as  follows  : — In  and  near  Corona 
Borealis,  where,  in  a  comparatively  small  region  there  are 
five  Variable  Stars ;  near  Cassiopeia's  Chair,  five ;  in  Cancer 
four,  comparatively  close  together  ;  a  small  region  near  rj 
Argus,  containing  six  ;  and  a  limited  area  near  tlie  head  of 
Scorpio,  which  contains  no  less  than  15  small  variables. 
I  find  that  if  the  whole  sky  were  as  rich  in  variables  aS 
this  last-named  region  there  would  be  about  3000  Variable 
Stars.  The  number  hitherto  discovered  has  not  yet 
reached  300. 

A  remarkable  peculiarity  about  the  Variable  and 
Temporary  Stars  is,  that  few  of  them  show  any  appreciable 
parallax.  For  a  Cassiopeia'  and  a  Herculis  a  parallax  of 
less  than  a  tenth  of  a  second  of  arc  has  been  found,  but  for 
X  Orionis  Dr.  I^lkin  finds  a  negative  parallax.  These  are 
irregular  variables.  Observations  of  Nova  Cygni  (1870) 
by  Sir  Robert  Hall,  failed  to  show  a  measurable  parallax. 
For  the  new  star  of  1885  in  the  Andromeda  -Nebula,  Franz 
also  found  a  negative  parallax.  A  negative  parallax 
implies  either  that  the  parallax  is  too  small  to  be  measured, 
or  else  that  the  faint  comparison  stars  are  actually  nearer 
to  the  earth  than  their  brilliant  neighbour.     As  far  as  I 
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know,  a  measurable  parallax  has  not  yet  been  found  for 
any  variable  star  having  a  rcf/iilar  period.  Another  fact 
which  may  perhaps  suggest  (although  it  does  not  jirorc) 
great  distance,  is  that  few  of  the  long  period  variables  rise, 
even  at  maxiumm,  above  the  range  of  naked  eye  visibility. 
As  in  the  case  of  most  rules,  however,  there  are  exceptions 
to  this  one  ;  Mira  Ceti,  R.  Hydras,  and  y^  Cygni  being  the 
most  notable  examples. 

The  evidence  in  favour  of  great  distance  -is  further 
strengthened  by  the  fact  that  none  of  the  Variable  Stars 
have  any  considerable  proper  motion.  The  list  of  proper 
motions  greater  than  one  second  of  arc  per  annum,  given 
in  Miss  Gierke's  "  System  of  the  Stars,"  does  not  contain 
a  single  known  Variable  Star.      We  seem,   therefore,  to 


have  evidence  that  the  Variable  Stars  lie  at  a  vast 
distance  from  the  earth.  How  is  this  peculiarity  to  be 
accounted  for '?  The  only  plausible  explanation  I  can  see 
is  that  the  Sun  and  Solar  system  do  not  he  in  a  region 
of  Variable  Stars,  'i'hc  periodical  increase  and  decrease  of 
sun-spots  may  possibly  denote  some  s}inill  fluctuation  of 
light  in  our  Sun,  but  seen  from  the  nearest  fixed  star,  this 
variation  of  light,  if  it  has  any  real  existence,  would  be 
quite  imperceptible,  and  the  Solar  light  would  probably 
seem  to  be  invariable.  Our  nearest  neighbours  iu  the 
Sidereal  System,  a  Centauri,  61  Cygni,  Lalandi  21,185, 
Sirius,  &c.,  appear  constant  in  their  light,  a  proof  that  in 
a  large  region  of  space  surrounding  the  Sun  there  is  not  a 
single  Variable  Star. 


Map  on  t-lie  I.sographic  projection,  showing  the  place  of  twenty  Short  Period  Variable  Stars  with  reference  to  the  Milliv  "Way  and 
Nebidie.     The  Short  Period  Variables  are  represented  by  crosses  and  the  Nebulse  by  dots. 


Eeji.\eks  by  a.  C.  Eanyaed. 

In  order  to  exhibit  to  the  eye  the  grouping  of  the  short 
period  variables  mentioned  by  Mr.  Gore,  I  have  plotted 
down  the  places  of  the  20  variables  of  short  period  referred 
to  on  one  of  Mr.  Proctor's  pairs  of  maps,  showing  the 
distribution  of  nebula)  with  respect  to  the  Milky  Way.  It 
will  be  seen  that  19  out  of  20  of  these  short  period  variables 
lie  on  or  near  to  the  region  thickly  strewn  with  stars  and 
nebulous  matter  which  we  know  as  the  Milky  Way.  This 
same  region  is  also  rich  in  red  stars  and  in  stars  exhibiting 
bright  lines  in  their  spectra,  as  well  as  in  large  and 
irregular  nebute,  and  in  star  clusters — while  the  smaller 
nebuljp  seem  to  avoid  it,  and  to  cluster  in  the  poles  of  the 
Milky  Way.  W  Virginis,  the  only  one  of  the  short  period 
variables  which  falls  at  a  considerable  distance  from  the 
Milky  Way,  has  a  comparatively  long  period  of  17'27  days, 
and  its  spectrum  seems  to  differ  from  the  spectra  of  other 
short  period  variables. 

The  distribution  of  short  period  variables  with  respect  to 
the  I\Iilky  Way  was  pointed  out  some  years  ago  by  Prof. 
E.  C.  Pickering.  Miss  \.  JI.  C'lerke,  in  her  "  System  of 
the  Stars,"  p.  115,  remarks  that  within  the  zone  of  the 
Milky    Way    these    short    period    variables    display  "an 


evident  disposition  towards  clustering  where  the  Milky 
Way  di^•ides  in  Cygnus  ;  the  variables  follow  its  southern 
branch,  and  they  are  thickly  sown  over  the  whole  region 
from  Lyra  to  Sagittarius."  Indications  indeed  abound,  that 
the  conditions  of  variability  and  even  of  particular  kinds  of 
variability  are  localized  iu  space.  Thus  in  Sagittarius  no 
less  than  four  r'tars  fluctuate  in  periods  of  six  to  seven 
days. 

The  absence  of  any  appreciable  parallax  in  variable 
stars  need  not  necessarily  bo  due  to  their  great  distance. 
All  modern  determinations  of  parallax  are  based  on 
measures  of  the  distance  of  the  star  whose  parallax  is 
sought  from  small  stars  in  its  neighbourhood.  If 
variable  stars  occur  in  groups  or  are  situated  in  clusters 
of  small  stars,  we  should  expect  to  find  no  relative 
parallax  compared  w'ith  small '  stars  situated  at  about  the 
same  distance  from  us  as  the  principal  star.  We  have  so 
few  stars  showing  undoubted  parallax  that  it  would  be 
unsafe  to  base  any  important  general  conclusion  on  the  fact 
that  no  star  of  the  variable  class  has  yet  been  discovered 
showing  such  parallax  ;  but  it  is  more  remarkable  that  no 
variable  star  shows  any  considerable  proper  motion.  I  am 
indebted  to  Mr.  Gore  for  the  following  interesting  table. 
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VARIABLE     STARS     OF    SHORT     PERIOD. 


Variation. 

K.A.,  1890-0. 

Decl.,  1890-0. 

Mean  Period, 
Days. 

Colour. 

Spcctrnm. 

Eemabks. 

Star. 

Max. 

Min. 

H.   M.   S. 

DEG.  MIN. 

MA&. 

MA&. 

T  Monocerotis 

6  19  20 

-I-      7      8-7 

5-8  —  6-4 

7-4  —  8-2 

2700 

Yellow 

Ila.  (?) 

S  (15)  Monocerotis 

6  34  55 

+     9   59-7 

4-9 

5-4 

3d.  lOh.  38m.  (?) 

White 

la. 

Period  doubtful 

i  G-eminorum 

6  57  36 

-H    20    43-9 

3-7 

4-5 

10(1.  3h.  41oni. 

Yellow 

— 

R  Muscoe 

12  35  23 

-   68    48-2 

6-6 

7-4 

Od.  21h.  20m. 

White 

— 

W  Virginia 

13  20  21 

-      2    48-5 

8-7  —  9-2 

9-8  —  10-4 

17-27263 

Reddish 

III.  (?) 

*T  Trian  Australis 

14  59  29 

-   68    17-7 

70 

7-4 

1-1- 

White 

Variation  doubtful 

R  Trian  Australis 

15     9  56 

-   66      5-5 

6-6 

80 

3-4 

White 

— 

X  (3)  Sagittarii 

17  40  38 

-   27    47-2 

4 

6 

7-01185 

Yellowish 

— 

W  (v')  Sagittarii 

17  58     0 

-   29    351 

5 

6-5 

7.59445 

Yellowish 

— 

T  Sagittarii           

18  14  55 

-    18    54-5 

5-8 

6-6 

5.7690 

White 

— 

U  Sagittarii           

18  25  24 

-   19    12-3 

7-0 

8-3 

6-74493 

Orange 

— 

K  Pavonis 

18  45  37 

-   67    22-3 

4-0 

5-5 

9-097 

— 

— 

P  LyriE         

18  46     1 

+   33    14-1 

3-4 

4-5 

12d.  21h.  46-97m. 

Yello-wish 

Bright  Lines 

S  Corona;  Australis 

18  53  43 

-   37      6-5 

9-5 

130 

6-2  (?) 

— 

— 

IT  Aquilse    

19  23  26 

-     7    16-2 

6-3 

7-3 

7033 

— 

— 

1  Aquilse      

19  46  52 

-1-      0    43-4 

3-5 

4-7 

7d.  4h.  14-Om. 

Yellow 

Ila. 

S  (10)  Sagittse      

19  51     0 

-1-    16   21 

5-6 

6-4 

8d.  9b.  11-Om. 

White 

— 

X  Cvgni      

20  39     5 

t-   35    11-4 

r'- 

7-2  —  7-7 

16d.  9h.  36.9m. 

White 

— 

TVulpiculje         

20  46  34 

A-   27    48-9 

6-5 

4d.  lOh.  290m. 

White 

— 

S  Cepliei      

22  25     5 

-1-    57    51-1 

3-7 

4-9 

5h.  8h.  47-66m. 

Yellow 

— 

*  Note.— T.  Trian  Australis  is  not  included  in  the  19  Variables  mentioned  in  Mr.  Gore's  paper,  as  its  variability  has  not  yet  been  coufinned. 


THE    PERFUMES    OF    ANTIQUITY. 

By  J.  Ch.  8awer,  F.L.S. 
kROBABLY  the  word  "perfume"  is  derived  from 
per  fuinum,  "  by  the  aid  of  smoke,"  and  originated 
in  that  most  ancient  custom  of  burning  resinous 
substances  and  aromatic  woods  in  religious  cere- 
monies, thus  creating  an  odoriferous  smoke, 
which  was  doubtless  of  advantage  in  the  early  form  of 
worship  as  a  disinfectant  or  deodorizer  m  counteracting  the 
offensive  odours  of  the  burning  flesh  of  the  offerings.  In 
other  countries  where  animals  were  not  slaughtered  and 
burned,  the  incense  no  doubt  acted  on  the  mystical  imagi- 
nation of  the  worshipper,  its  overpowering  vapours 
throwing  him  into  a  religious  ecstasy  conducive  to  the 
belief  in  the  acceptance  of  his  prayer  as  he  observed  the 
gradual  ascent  of  the  smoke  from  the  altar  and  its  dispersion 
in  space. 

The  incense  ordered  for  the  ser\ice  of  the  .  Taber- 
nacle, to  be  burned  in  a  censer  and  on  the  Altar,  consisted 
of  Stacte,  Onycha,  Galbanum  and  Frankincense  in  equal 
parts. 

Stacte  {(TTaxTT)),  which  is  the  Greek  translation  of  the 
Hebrew  word  ipj  (nataph),  signifies  a  liquid  exudation, 
or  something  fluid.  Phny  describes  it  as  the  natural 
exudation  of  the  myrrh-tree,  flowing  without  the  tree 
being  pmictured,  and  more  esteemed  than  myrrh  itself. 
Theophrastus  also  mentions  two  sorts  of  myrrh,  one 
liquid  and  one  solid. 

Onycha  is  the  Hebrew  Scliccheleth,  "  odoriferous  shell." 
It  is  the  opcrculmii  of  a  species  of  Stromhttx,  formerly 
well  known  in  Europe  under  the  name  of  lUatta 
li!/:&>iti)ia,ionnim  the  Mediterranean  and  in  the  Eed  Sea, 
from  which  latter  the  Israelites  no  doubt  procured  it.  It 
is  occasionally  to  bo  seen  at  the  Custom  House  of  J>ombay, 
where  it  is  imported  to  burn  with  incense  in  the  temples, 
not  so  much  on  account  of  any  pleasing  odour  of  its  own 
as  to  bring  out  the  odour  of  other  perfumes.  It  is  a  white 
transparent  shell,  resembling  in  shape  the  human  finger- 
nail ;  hence  its  Greek  name  ovu£,  mii/.r,  a  finger-nail.  It  is 
generally  believed  that  the  tish  inhabiting  this  shell 
acquires  its  peculiar  odour  by  feeding  on  a  species  of 
Indian  Nard. 


Galbanum  ■iw'?"  {Chdhcnuh).  The  word  signifies  some- 
thing unctuous,  and  evidently  applies  to  a  balsam. 
According  to  some  authorities  it  is  a  fine  sort  of  galbanum 
found  on  Mount  Amomus  in  Syria,  differing  entirely  from 
the  ordinary  galbanum  now  used  in  medicine,  of  which  the 
odour  is  anything  but  sweet.  But  the  fashions  of  this 
world  change,  and  if  we,  in  our  day,  find  no  sweetness  in 
galbanum,  saffron,  and  spikenard,  it  is  no  reason  why  the 
ancients  did  not,  and  no  reason  wliy  Orientals  should 
not,  even  now.  At  the  present  day  the  Persians  call  asa- 
foetida  "  the  food  of  the  gods,"  the  Russians  deUght  in 
caviare,  and  the  Esquimaux  in  train  oil. 

As  an  example  of  the  preservation  of  ancient  Jewisli 
customs,  galbanum  still  forms  one  of  the  ingredients  of 
the  incense  now  used  in  the  Irviugite  chapels  in  London. 

Frankincense. — This  is  largely  imported  into  London 
under  the  name  of  Gum  Olibauum,  and  is  used  principally 
in  the  manufacture  of  incense  for  the  Roman  CathoUc  and 
Greek  Churches.  The  Greek  word  Xi^xvo;,  the  Latin 
Olihumiiii,  the  Arabic  Luiian,  and  analogous  words  in  other 
languages  are  all  derived  from  the  Hebrew  Lcbonah, 
which  signifies  milk,  in  allusion  to  the  sap  of  the  trees, 
which,  before  becoming  dry  by  exposure  to  the  air,  has  the 
appearance  of  milk.  This  drug  was  imported  into  Chin;i 
from  Arabia  as  far  back  as  the  tenth  century,  and  is  st;ll 
imported  to  an  enormous  extent  at  Shanghai  to  this  day, 
under  the  name  of  .fu-aianii,  meaning  pfifiinu-  «/  inill,-, 
being  always  in  allusion  to  the  meaning  of  its  Hebrew 
name  [aIhihuIi. 

Olibanum  is  derived  from  several  species  of  Boswellia, 
indigenous  to  the  hot  arid  regions  of  Eastern  Africa,  the 
southern  coast  of  Arabia,  and  some  parts  of  India. t 

The  trees  vary  greatly  in  height,  averaging  about  twenty 
feet ;  their  form  is  very  graceful,  and  when  springing  from 
a  massive  rock  on  the  brink  of  a  precipice  their  appearance 
is  very  picturesque. 

The  harvest  of  this  drug  in  Southern  Arabia  is  thus 
described  by  Carter: — "During  the  months  of  May  and 

t  An  cnumomtion  and  deseription  of  these  trees  is  given  by 
Birdwood  in  the  "  Transactions  of  the  Linniuan  Society ,"  xxvii.,  p.  3, 
and  in  the  "  Journal  of  the  Bombay  Bninch  of  the  Royal  Asiatic 
Society,"  ii.,  p.  380. 
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December  longitudinal  incisions  are  made  in  the  bark  ; 
the  cuticle  and  adjacent  parts  then  become  sliining  and 
distended.  When  the  gum  first  begins  to  run  it  is  white 
as  milk,  and  according  to  its  degree  of  fluidity  runs  down 
to  the  ground  or  concretes  on  the  tree  near  to  the  incision. 
It  is  then  collected  by  the  families  owning  the  land." 
According  to  Capt.  Miles  (".Jul.  E.  Geograph.  Soc.,"xlii., 
G5),  the  gum  is  not  collected  by  the  inhabitants  of  the 
country,  but  by  the  Somalis,  who  come  over  in  large 
numbers  from  the  opposite  coast  and  pay  a  tribute  to  the 
Arabs  for  it,  gathering  it  themselves.  He  considers  the 
Arabian  Luban  inferior  to  the  African. 

As  found  in  commei'ce,  olibanum  varies  greatly  in 
quahty  and  appearance.  It  occurs  in  the  form  of  rounded 
fragments  of  a  pale  yellow  and  sometimes  reddish  colour, 
also  in  pale  yellow  or  nearly  colourless  distinctly  pear- 
shaped  tears,  sometimes  stalactiform  and  slightly  agglu- 
tinated. It  is  always  of  a  mealy  surface  covered  with  a 
fine  white  dust,  and  even  where  this  is  wiped  off  the  tears 
appear  translucent  and  milky.  The  fracture  is  splintery  ; 
the  odour  faintly  balsamic  ;  the  taste  bitter. 

These  four  ingredients  would  doubtless  burn  readily  if 
cast  on  the  fire  of  the  altar,  and  probably  burn  with  a 
flame,  but  to  develop  a  smoke  the  ingredients  should  Irarn 
slowly,  or  smoulder.  If  burned  in  a  censer  an  incense  of 
this  composition  would  very  likely  go  out  by  melting  into  a 
solid  lump.  In  modern  incense  the  difficulty  is  overcome 
by  adding  pulverized  charcoal  and  nitrate  of  potash,  but 
Closes  does  not  specify  any  other  ingredient. 

In  the  description  of  the  composition  of  the  holy  incense 
given  in  the  Talmud  ( Book  "  Cheritoth  "),  we  find  the  words 
"  borith  Carshma,"  which  are  usually  translated  "  soap  of 
Carshina,"  but  soap  would  form  a  very  bad  ingredient  for 
incense.  Soap  was  unknown  to  the  .Jews,  and  the  word 
"  borith  "  ('"i""!3)  is  more  likely  to  refer  to  a  natural  alkaline 
production  of  Judiea,  somewlrat  similar  to  the  Egyptian 
"  natron  "  or  "  nitrum,"  or  to  the  nitrate  deposits  of  C'hih. 
Such  an  addition  to  the  ingredients  would  supply  the 
oxygen  necessary  for  comliustion. 

From  Ex.  xxx.  22-38  we  find  that  the  IidIi/  anitintinff 
nil  for  the  service  of  the  Tabernacle  was  composed  of 
myrrh,  sweet  cinnamon,  sweet  calamus,  cassia,  and  olive 
oil.  The  word  ini/rrh  is  derived  from  a  Hebrew  word, 
signifying  in  French  timer,  and  in  English  liittrr.  It  is 
also  said  to  be  derived  from  the  Aral)ic  word  iiiiii-.  The 
Greek  equivalent  is  a-ij.vpva..  The  ancient  Egyptian  word 
Bola  or  Bal,  and  the  Sanskrit  Vola,  ai'e  yet  preserved  in 
the  Persian  and  Indian  names  Bol,  Bola,  and  Heera-Bol, 
well-known  names  of  myrrh.  Myrrh  is  a  gum-resinous 
exudation  from  the  stem  of  the  Bulsiiiiioilcndnm  mijrrha, 
collected  in  Arabia  Felix  and  Abyssinia,  a  spiny  shrub 
of  which  there  are  at  least  three  distinct  species.  Good 
commercial  myrrh  is  in  irregular-shaped  masses  of  a 
reddish-brown  colour  and  slightly  ti-anslucent.  It  has  a 
dull  irregular  fracture  and  an  aromatic  and  characteristic 
odour.  The  I5issa-B61,  which  is  an  inferior  quality  and 
much  adulterated,  was  formerly  called  East  India  myrrh 
and  is  of  African  origin,  but  the  plant  furnishing  it  is  un- 
known, although  it  is  said  by  the  natives  to  much  resemble 
the  tree  yielding  the  Heera-Bol  or  true  myrrh.  The 
variety  from  which  the  ancients  principally  drew  their 
supplies  was  probably  that  of  Southern  Arabia  ;  this  has 
the  same  odour  as  ordinary  myrrh,  and  is  not  distinguished 
from  it  in  English  commerce  by  any  special  denomination. 

The  "  sweet  cinnamon,"  called  '•  kinnamon  "  in  the  Old 
Testament  and  Kiva/xcupoi/  in  the  New  (Rev.  xviii.  13),  is 
Ceylon  cinnamon. 

The  "sweet  calamus"  (Keneh  bosem) ;  the  "sweet 
cane"    (Keneh    hotteb,    Jer.   vi.    20),    and    "calamus" 


(Kaueh,  Song  of  Sol.  iv.  14,  and  Ezek.  xxvii.  19)  is, 
according  to  some  authorities  the  Antlrnpoiiiyn  Calamus 
a  row  at  ir  us  of  Royle,  which  is  synonymous  with  the  Andro- 
pogon  SchaMianthus  of  Linnaeus,  and  known  in  India  as 
Roosa-grass  and  in  London  as  "  Ginger-gi-ass."  This 
grass  grows  wild  in  Central  India,  in  the  North- West 
Pro^'inces,  and  is  abundant  everywhere  in  the  Deccan.  It 
has  recently  been  found  on  the  Humai  Railway  route  in 
Baluchistan  (Lace  in  "  .Tnl.  Lin.  Soc,"  xxviii.,  296,  Aug., 
1891).  At  the  present  day  this  grass  is  largely  used  for  the 
distillation  of  its  oil,  which  is  employed  in  the  adulteration 
of  otto  of  rose. 

It  is,  however,  very  probable  that  the  "  sweet  calamus  " 
was  the  Andrdpni/ini  liniliier  (Desfontaines).  This  plant 
has  a  wide  distribution,  extending  from  North  Africa, 
through  Arabia  and  North  India  to  Thibet.  It  is  the 
TyjLio;  apuji^arikfj:;  of  Dioscorides  and  the  Herba 
Sehajnanthus  and  Juncus  odoratus  of  Latin  writers  on 
Materia  Medica.  The  Arabic  name  is  Izkhir,  which 
signifies  stored-up  forage.  It  has  also  been  called  Fwnum 
Camelorum,  fi-om  its  use  in  dry  desert  tracts  as  a  forage 
for  camels.  When  cattle  eat  mucli  of  this  grass,  the  milk 
becomes  scented.  Lemery,  commenting  on  Pomet  ( "  Hist, 
des  Drogues"),  says  that  "this  is  a  kind  of  fragrant  rush  or 
grass  growing  plentifully  in  Arabia  Felix,  at  the  foot  of 
Mount  Libanus.  The  stalk  is  about  a  foot  high,  divided 
into  several  hard  stems,  of  the  size,  figure  and  colour  of 
barley  straw,  being  much  smaller  towards  the  top.  The 
leaves  are  about  half  a  foot  long,  narrow,  rough,  pointed, 
of  a  pale  green  colour.  The  flowers  growing  on  the  top 
are  arranged  in  double  order  ;  they  are  small,  hairy,  and 
of  a  carnation  colour  ....  all  the  plant,  and  particularly 
the  flower,  is  of  a  strong  smell  and  bitter  taste." 

The  other  odoriferous  ingredient  in  the  holy  anointing 
oil,  Kiihlah  (Exodus  xxx.  24),  is  translated  rnxsia.  In 
Psalm  xlv.  8  it  is  called  Kctiiali,  and  here,  undoubtedly, 
Casm'ii  lii/iii-ii  is  meant.  This  is  the  bark  of  the  Ciniui- 
womum  Cassia,  a  forest  tree  of  China.  Another  variety 
called  Malabar  cassia,  is  exported  from  Bombay ;  this  is 
thicker  and  coarser  than  that  from  China.  These  barks 
resemble  cinnamon  in  many  of  their  qualities ;  the  smell 
and  taste  are  nearly  the  same,  but  less  sweet  and  more 
pungent,  but  the  substance  is  thicker  and  the  appearance 
coarser  and  darker  than  cinnamon.  All  these  barks 
contain  a  very  aromatic  volatile  oil  and  a  resin. 

In  the  holy  anointing  oil  the  proportions  of  these 
aromatics,  as  indicated  by  Moses  (Ex.  xxx.  22-88),  are 
500  shehrh  of  myrrh,  2.50  of  sweet  cinnamon,  250  of 
sweet  calamus,  and  500  of  cassia ;  to  these  were  to  be 
added  1  hin  of  olive  oil.  Although  we  here  have  the 
formula  of  this  compound,  the  mode  of  making  it  is  not 
described,  and  it  is  difficult  to  conceive  how  1  hin  of  oil, 
which  is  about  9|  pints,  could  hold  in  solution  so  much 
soUd  matter,  the  total  weight  of  which,  1500  shekels,  is 
equal  to  about  47  lbs.  Such  an  amalgam  would  only 
produce  a  very  thick  paste,  and  the  oil  was  evidently 
intended  to  be  liquid,  as  it  was  not  only  ordered  to  be  used 
for  anointing  the  altars  and  utensils  of  the  Tabernacle, 
but  was  commanded  to  be  used  for  consecrating  the  High 
Priest,  by  pouring  it  on  to  his  head  in  such  abundance  as 
to  run  down  his  beard  and  impregnate  the  skirts  of  his 
garments  (Psalm  cxxxiii.  2).  Probably  the  odoriferous 
properties  were  in  some  way  separated  from  the  ligneous 
matter  before  mixing  with  the  olive  oil. 

Several  other  aromatic  substances  used  in  the  early 
ages  have  been  the  theme  of  modern  investigation  and 
dispute.  The  substances  were  sometimes  made  up  in  the 
form  of  ointments,  which  were  lavishly  used  by  the  rich, 
not  only  in  their  toilet  but  also  as  a  mark  of  distinction 
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bestowed  on  guests.  Ai-omatics  were  likewise  burned 
during  their  entertainments,  and  perfumes  in  a  dry  form 
were  used  to  impart  a  sweet  odour  to  their  garments 
(perfumes  which  were  probably  necessary,  as  they  did  not 
eat  with  forks,  and  soap  was  yet  undiscovered).  Odori- 
ferous substances  were  U3ed  for  preserving  the  bodies 
of  the  dead ;  myrrh  and  aloss  wood  were  in  this  mixture, 
which  was  very  likely  an  unguent.  The  Spikenard  oint- 
ment is  said  to  have  been  of  many  ingredients  ;  the  word 
nard  is  derived  from  the  Tamul  word  nar,  which  is  used 
in  India  to  designate  many  odoriferous  substances,  such 
as  ndrtuin  piUu,  Indian  verveine  ;  ndriim  panel,  jasmine  ; 
narta  nianiiin,  wild  orange,  &c. 

The  "  Nardinum "  which  was  so  very  fashionable  in 
Rome,  both  as  an  oil  and  as  a  pommade,  was  made  from 
the  blossoms  of  the  Indian  and  Arabian  nard-grass 
(according  to  Briker's  opinion  and  researches).  This 
would  seem  to  refer  to  the  Androjinr/on  Innfiier  above 
mentioned,  and  not  to  Nanl  iKtiivlnjn  Jatamtinsi,  as  genei'ally 
believed.  The  flowers  of  this  latter  are  white  and  odour- 
less, the  rank  perfume  being  only  developed  in  the  root. 

As  is  the  caie  generally  in  hot  climates,  oil  was  used  by 
the  .Jews  for  anointing  the  body  after  the  bath,  and  giving 
to  the  skin  and  hair  a  smooth  and  comely  appearance 
before  an  entertainment  (Ruth  iii.  8,  Prov.  xx\'ii.  9,  16, 
Cant.  i.  3,  iv.  10).  Strabo  says  the  inhabitants  of 
Mesopotamia  use  oil  of  sesame,  also  castor  oil.  At 
Egyptian  entertainments  it  was  usual  for  a  slave  to 
anoint  the  head  of  each  guest  as  he  took  his  place, 
castor  oil  being  sometimes  used  ;  Egyptian  paintings 
represent  this  custom.  The  Greek  and  Roman  usage 
will  be  found  mentioned  frequently  by  Homer,  Horace 
and  Pliny.  Athenseus  speaks  of  the  extravagance  of 
Antiochu-i  Epiphanes  in  the  matter  of  ointments  for 
guests  (Wilkinson,  "Ancient   Egypt,"  78). 

Creech,  in  his  annotations  on  Lucretius  (Lib.  IV.  1123), 
says:  "Moreover  they  arrived  at  length  to  an  excess  of 
curiosity  in  regard  to  their  ointments  that  was  indeed 
wonderful  ;  for  Athenreus  (Lib.  XV.  cap.  II.)  reports 
that  '  they  grew  so  nice  as  to  require  several  sorts  of 
ointments  for  one  single  unction,  viz.,  Egyptian  for  the 
feet  and  thighs,  Phoenician  for  the  cheeks  and  breasts, 
Sisymbrian  for  the  arms,  Amaratine  for  the  eye-brows  and 
hair,  and  Serpylline  for  the  neckband  knees.'  "  But  above 
all  the  rest,  we  may  observe  that  the  ancients  made  use 
of  one  sort  of  oil  or  ointment  of  great  value  and  singular 
excellency  ;  it  was  called  Oleum  SusivHiii,  and  made  of  lilies 
which  in  the  Phrygian  tongue  were  called  a-ia-a,  but  chiefly 
of  that  sort  of  lily  which  the  Greeks  call  ydi-ov,  and  to 
which  it  is  believed  allusion  is  made  in  Canticles  v.  18, 
where  the  Church  says  of  Christ,  "  His  lips  are  like  lilies." 

Pliny  describes  the  lily  that  is  called  yjlyov  to  be  of  a 
ruddy  colour  (Nat.  Hist.,  lib.  XXI.  cap.  5).  Elsewhere, 
Pliny  (Hist.  Nat.  XIII.  2)  says,  "  Oleum  Susinuw  was 
made  of  oil  of  JJen  "  (or  l^eheu,  a  colourless,  tasteless  and 
inodorous  oil  expressed  from  the  seeds  of  Morimja 
ptenispeniia,  now  naturalized  in  the  West  Indies — an  oil 
which  never  becomes  rancid  and  docs  not  corrode  steel, 
for  which  reason  it  is  used  in  modern  days  by  watch- 
makers as  a  lubricant),  "  roses,  honey,  safl'rcn,  cinnamon 
and  myrrh."  The  amount  of  perfume  used  in  the  palmy 
days  of  Rome  was  enormous  ;  the  wealthy  patricians  were 
most  prodigal  in  this  respect.  The  perfumers  were  called 
I'liiineittiirii,  as  they  principally  compounded  unguents, 
and  must  have  done  an  immense  business.  In  Rome  they 
congregated  in  a  quarter  called  the  "  I7ri(\  'rininirinix." 
The  most  celebrated  perfumer  in  the  time  of  Martial  was  a 
certain  individual  named  Cosmus,  whom  Martial  fre- 
quently mentions. 


At  Capua  there  were  such  a  number  of  perfumers,  that 
the  principal  street  of  the  city,  named  Seplasia,  was  almost 
entirely  occupied  by  them.  For  the  most  part,  these 
tradesmen  were  Greeks,  and,  as  at  Athens,  their  shops 
(taberna)  were  the  rendezvous  of  the  rich  idlers  of  those 
days.  The  perfumed  oils  and  ointments  were  made  in 
great  variety.  The  basis  of  the  oils  was  generally  the  oil 
of  Ben  above-mentioned,  and  that  of  the  unguents  was  a 
bleached  and  partly  purified  tallow.  They  were  used  not 
only  for  the  hair,  but  to  anoint  all  parts  of  the  body, 
especially  after  the  bath,  which  was  quite  a  complicated 
process.  It  was  also  customary  at  banquets  to  honour  the 
guests  by  pouring  costly  perfumed  oils  over  their  feet. 
Some  of  these  were  simple  oils,  such  as  Rhodium,  made 
from  roses  ;  Melinum,  made  from  quinces  ;  Metopium,  from 
bitter  almonds  ;  Xurcissimum,  from  the  narcissus.  Perhaps 
the  most  fashionable  oil  after  the  Oleum  Siisinum  above- 
meationed  was  that  called  Crocinum,  made  from  saffron 
(Cyi/cKA),  which  communicated  both  a  fine  colour  and  odour 
to  the  person ;  Heliogabalus  never  bathed  without  it. 
Butter  is  noticed  by  Pliny  as  used  by  the  negroes  and 
lower  classes  of  Arabs  for  anointing  their  bodies.  The 
natives  of  India  prefer  strong  perfumes  for  this  purpose, 
and  use  oil  of  santal  and  oil  of  patchouh.  Savages  also 
grease  their  bodies,  but  probably  with  the  idea  of  being 
enabled  to  escape  more  easily  from  the  grip  of  an 
enemy. 

In  the  words  of  a  classical  writer  on  the  manners  and 
customs  of  the  Romans,  "  The  bath  was  a  most  important 
event  in  erery-day  life  .  .  .  Bodily  health  and  cleanliness, 
although  its  original  object,  bad  long  ceased  being  the 
only  one  ;  for  the  baths,  decorated  with  prodigal  magnifi- 
cence and  supplied  with  all  the  comforts  and  conveniences 
that  a  voluptuary  could  desire,  had  become  places  of 
amusement,  whither  people  repaired  for  pastime  and 
enjoyment." 

Comparing  the  ruins  of  ancient  baths  with  each  other, 
and  with  the  accounts  of  Vitruvius  and  Pliny,  we  find  the 
essential  parts  of  a  Roman  bath  to  bo; — I.  The  Spnlhitorium, 
a  place  where  the  clothes  were  left  and  consigned  to 
caprarii,  which  were  probably  pegs,  so  called  from  their 
likeness  to  horns.  II.  The  Friiiiihirliim  or  cold  bath  room. 
III.  The  Tepidarium  or  tepid  bath  i-oom.  IV.  The  CaUla- 
rium  or  hot  bath  room,  which  was  probably  connected 
with  the  UncUirium  or  anointing  room.  The  Sudatimi  or 
sweating  room  was  connected  with  the  Cahlurium.  Those 
who  desired  to  use  the  bath  through  all  degrees  of  tempera- 
ture, sought  first  to  give  their  bodies  the  preparation 
which  was  considered  necessary,  by  some  sort  of  light 
gymnastics,  ball-play  and  the  like.  The  baths  were 
always  provided  with  rooms  suitable  for  this  purpose. 
Persons  would  then  probably  enter  first  the  Tepidarium, 
in  order  not  to  be  expo.sed  suddenly  to  the  heat  of  the 
Caldarium,  where  they  were  anointed  with  oil  (Celsus  I.  3), 
and  it  is  probable  that  this  was  the  place  generally  assigned 
to  that  operation,  although  we  read  of  special  I'luturiu. 
The  anointing  with  oil  took  place  both  before  and  after  the 
bath  ;  and  even  after  they  had  already  stepped  into  the 
bath,  they  sometimes  left  it  again  to  be  anointed  a  second 
time,  aiter  which  they  again  betook  themselves  to  the  bath. 
The  bathers  took  the  oil  with  them  to  the  bath  (or  rather 
the  slave  carried  it)  in  phials  of  alabaster,  gold  and  glass, 
as  well  as  the  .itrii/ilis  or  scrapers,  and  the  linten,  linen 
cloths,  to- dry  themselves.  In  the  early  days  people  were 
content  with  a  simple  pure  oil,  but  at  a  later  period  costly 
salves  as  above  described  were  the  fashion.  No  doubt 
people  anointed  themseh'es  at  other  times  besides  the  bath, 
in  order  to  reek  of  perfume  the  whole  day  through. 
(Geueca.  Ephist.  80.) 
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Even  the  clothes  were  anointed  with  aromatic  oils  (Jur. 
III.  and  Martial  VIII.  3,  10). 

The  luxury  and  magnificence  of  the  Romans  were 
manifested  in  the  construction  of  their  imblic  baths  more 
than  in  am-  other  building  ;  tliey  were  embellished  with 
chefs-iraurre  of  sculpture  and  painting,  and  the  floors 
were  paved  with  slabs  of  marble  and  inlaid  with  mosaics. 
It  is  estimated  that  870  baths  were  open  every  day  to  the 
public,  and  rich  people  possessed  private,  baths  of  their 
own,  which  were  even  more  sumptuous  and  extravagant  in 
their  method  of  conduction. 

The  Romans  were  not  acquainted  with  the  use  of  regular 
soap,  but  they  employed  an  alkah,  with  which  the  greasy 
dirt  was  dissolved  out  of  their  clothes.  This  alkali,  called 
7iitrum,  is  referred  to  by  Pliny  XXXI.  10  ;  but  the  cheapest 
solvent  was  urine,  which  was  mostly  used  ;  the  clothes 
were  put  in  this,  mixed  with  water,  and  then  stamped 
upon  with  the  feet ;  this  process  was  performed  by  old 
people,  whilst  boys  lifted  the  clothes  out  of  the  tubs.  The 
white  garments,  after  being  washed,  were  subjected  to  the 
vapour  of  sulijhur — being  stretched  on  a  frame,  and  the 
sulphur  burned  beneath. 

Poor  people  in  Rome  cleansed  their  bodies  with  meal  of 
lupins,  called  hnnmtum,  which,  with  common  meal,  is  still 
used  in  some  places  for  that  purpose. 

Soap,  as  we  understand  the  old  English  word  sojn-  (from 
the  Greek  sajion  and  the  LatLa  !«ijmi),  was  first  introduced 
by  the  Gauls,  who  found  out  a  way  of  making  it  from 
goats'  tallow  and  the  ashes  of  beech-wood.  This  was,  no 
doubt,  rather  caustic,  but  it  was  uncontamiuated  with 
colouring  matters  and  the  deleterious  perfumes  put  into 
common  soaps  of  the  present  day.  The  soap  was  made 
into  balls  called  "  Pilie  Mattiaca,"  named  after  the  town 
where  it  was  manufactured — "  Mattiaciun  "  (modernized 
Marpurg).  The  French  appellation  of  soap,  "  savon," 
seems  to  be  due  to  a  seaport  town  called  Savona,  near 
Genoa,  where  at  a  later  period,  most  of  the  soap  for  the 
European  market  was  manufactm'ed. 

The  Romans,  not  content  with  swamping  themselves 
with  perfumes  at  their  baths,  their  toilettes,  and  their 
banquets,  loved  to  be  surrounded  in  a  perpetual  atmosphere 
of  scent,  and  used,  as  we  use  a  handkerchief,  to  dry  the 
perspiration  from  the  forehead,  a  fine  linen  cloth  called  a 
sitdariuin,  saturated  mth  perfume. 


THE  FACE  OF  THE  SKY  FOR  OCTOBER. 

By  Herbert  Sadler,  F.R.A.S. 

SUN-SPOTS  and  faculte  are  still  increasing  in  number. 
The  following  are  some  conveniently  observable 
minima  of  Algol-type  variables  (</.  "Face  of  the 
Sky"  for  September).  Algol.— October  13th, 
yh.  -IHm.  P.M.  ;  October  ICth,  Gh.  37m.  p.m. 
I'  Ophiuchi. — October  2nd,  8h.  23m.  p.m.  ;  October  7th, 
9h.  19m.  p.m.  ;  October  17th,  lOh.  50m.  p.m. 

Mercury  is  a  morning  star  during  the  first  half  of  the 
month,  and  is  very  well  situated  for  observation.  He 
rises  on  the  1st  at  4h.  19m.  a.m.,  Ih.  43m.  before  the  Sun, 
with  a  northern  declination  of  4°  47',  and  an  apparent 
diameter  of  Cy'.  On  the  4th  he  rises  at  4h.  2Sm.  a.m., 
Ih.  39m.  before  the  Sun,  with  a  northern  declination  of 
3-  15',  and  an  apparent  diameter  of  5J".  About  ^Jjj  of  his 
disc  is  then  illuminated,  and  the  jjlanet  is  at  its  greatest 
brightness.  On  the  9th  he  rises  at  4h.  54m.  a.m.,  lb.  21m. 
before  the  Sun,  with  a  northern  declination  of  0"  2',  and 
an  apparent  diameter  of  5^",  about  Jy^  of  the  disc  being 
illuminated.  On  the  14th  he  rises  at  6h.  24m.  a.m.,  or 
Ih.  Om.  before  the  Sun,  with  a  southern  declination  of 


8°  35',  and  an  apparent  diameter  of  5",  about  -^^  of  the 
disc  being  illuminated.  After  that  he  rapidly  approaches 
the  Sun,  coming  into  superior  conjunction  at  3h.  a.m.  on 
the  28th.  He  is  in  conjunction  with  Saturn  at  7h.  a.m. 
on  the  3rd,  being  about  12'  south,  the  two  planets,  at 
5h.  A.M.,  presenting  the  appearance  of  a  double  star  to  the 
naked  eye.  Mercury,  however,  being  markedly  brighter 
than  Saturn.  This  will  be  a  very  interesting  spectacle,  as 
Mars  will  be  situated  about  5°  W.N.W.  of  the  two  planets, 
while  Mercury  and  Saturn  are  about  3  N.W.  of /3  Virginis. 
Mercury  is  at  that  time  distant  from  the  Earth  about 
99f  millions  of  miles.  Mars  237^  millions  of  miles,  and 
Saturn  963  j  millions  of  miles.  While  visible.  Mercury 
pursues  a  direct  path  in  Virgo,  without  approaching  any 
very  conspicuous  star.  Venus  is  invisible,  and  the  same, 
for  the  purposes  of  the  observer,  may  be  said  of  Mars,  as 
his  apparent  diameter,  at  the  end  of  the  month,  does  not 
exceed  4J''. 

•Jupiter  is  still  the  conspicuous  ornament  of  the  evening 
sky.  He  sets  on  the  1st  at  3h.  28m.  a.m.,  with  a  southern 
dechnation  of  9°  14',  and  an  apparent  equatorial  diameter 
of  48".  On  the  last  day  of  the  month  he  sets  at 
Ih.  19m.  A.M.,  with  a  southern  dechnation  of  9^  48',  and 
an  apparent  equatorial  diameter  of  44i".  The  following 
phenomena  of  the  satellites  occm'  before  midnight,  while 
•Jupiter  is  more  than  8°  above  and  the  Sun  8^  below  the 
horizon.  On  the  1st  a  transit  egress  of  the  first  satellite 
at  7h.  31m.,  and  of  its  shadow  at  8h.  10m. ;  an  occultation 
disappearance  of  the  second  satellite  at  9h.  Im.  On  the 
3rd  a  transit  egress  of  the  second  satellite  at  6h.  49m.,  and 
of  its  shadow  at  8h.  Um.  On  the  5th  an  occultation  dis- 
appearance of  the  third  satelhte  at  7h.  3m.  On  the  Gth  a 
transit  ingress  of  the  fourth  satellite  at  lib.  44m.  On  the 
7th  an  occultation  disappearance  of  the  first  satelhte  at 
9h.  50m.  On  the  8th  a  transit  ingress  of  the  first  satellite 
at  6h.  59m.,  and  of  its  shadow  at  7h.  47m.  ;  a  transit 
egress  of  the  satelliie  at  9h.  17m.,  and  of  its  shadow  at 
lOh.  5m.  ;  an  occultation  disappearance  of  the  second 
satellite  at  llh.  19m.  An  eclipse  reappearance  of  the  first 
satellite  at  7h.  22m.  12s.  on  the  9th.  On  the  10th  a  tran- 
sit ingress  of  the  second  satellite  at  Gh.  17m.,  and  of  its 
shadow  at  7h.  57m. ;  a  transit  egress  of  the  same  satellite 
at  9h.  9m.,  and  of  its  shadow  at  lOh.  49m.  On  the  12th 
an  occultation  disappearance  of  the  third  satellite  at 
lOh.  30m.  On  the  14th  an  occultation  disappearance  of 
the  first  satellite  at  llh.  38m.  On  the  15th  an  eclipse 
reappeaiance  of  the  fourth  satellite  at  5h.  58m.  52s.  ;  a 
transit  ingress  of  the  first  satelhte  at  8h.  4Gm.,  and  of  its 
shadow  at  9h.  42m.  ;  a  transit  egress  of  the  same  satellite 
at  llh.  4m.,  and  of  its  shadow  at  midnight.  On  the  IGth 
an  occultation  disappearance  of  the  first  satellite  at 
Gh.  om.  P.M.  ;  a  transit  egress  of  the  shadow  of  the  third 
satellite  at  7h.  31m.  p.m.  ;  an  eclipse  reappearance  of  the 
first  satellite  at  9h.  17m.  43s.  On  the  17th  a  transit 
egress  of  the  shadow  of  the  first  satellite  at  Gh.  29m. ;  a 
transit  ingress  of  the  second  satellite  at  8h.  39m.,  and  of 
its  shadow  at  lOh.  35m.  ;  a  transit  egress  of  the  second 
satellite  at  llh.  32m.  On  the  19th  an  eclipse  re- 
appearance of  the  second  satellite  at  7h.  37m.  49s. 
On  the  22nd  a  transit  ingress  of  the  first  satellite  at 
lOh.  34m.,  and  of  its  shadow  at  llh.  38m.  On  the  23rd 
a  transit  egress  of  the  fourth  satellite  at  7h.  7m. ;  of  a 
transit  egress  of  the  third  satelhte  at  7h.  16m.  ;  an  occul- 
tation disappearance  of  the  first  satelhte  at  7h.  53m. ;  a 
transit  ingi'ess  of  the  shadow  of  the  third  satellite  at 
8h.  10m.;  an  eclipse  reappearance  of  the  fourth  satellite  at 
llh.  31m.  On  the  24th  a  transit  ingress  of  the  shadow  of 
the  first  satellite  at  6h.  Gm.,  a  transit  egress  of  the  satellite 
itself  at  7h.  26m.,  and  a  transit  ingress  of  the  second 
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satellite  at  lib.  .3m.  On  the  25tb  an  eclipse  reappearance 
of  the  first  satellite  at  5h.  42m.  ISs.  On  the  2(ith  an  eclipse 
reappearance  of  the  second  satellite  at  lOh.  14m.  iHs.  On 
the  30th  a  transit  ingress  of  the  third  satellite  at  7h.  27m. ; 
an  occultatiou  disappearance  of  the  first  satellite  at  9h. 43m.; 
a  transit  egress  of  the  third  satellite  at  lOh.  r54m.  On  the 
31st  a  transit  ingress  of  the  first  satellite  at  Oh.  51m.,  and 
of  its  shadow  at  8h.  2m. ;  a  transit  egress  of  the  satellite 
at  Oh.  10m.,  and  an  occiiltation  disappearance  of  the  fourth 
satellite  at  9h.  20m.  During  the  month  Jupiter  describes 
a  very  short  retrograde  path  in  Aquarius,  but  without 
approaching  any  naked-eye  star. 

Saturn  does  not  rise  before  midnight,  and  Uranus  is  in 
conjunction  with  the  Sun  on  the  25th.  We  defer  an 
ephemeris  of  Neptune  till  November. 

October  is  rather  a  favourable  month  for  observations  of 
shooting  stars,  the  most  marked  shower  being  that  of  the 
Ononids,  from  the  17th  to  the  20th  of  the  month,  the 
radiant  point  of  which  is  situated  in  7h.  Cm.  R.A.  and  + 
15 "  declination.  The  radiant  point  rises  at  the  date  named 
at  about  8h.  45m.  p.m.,  and  sets  shortly  after  4  a.m. 

The  Moon  is  new  at  Oh.  58m.  a.m.  on  the  3rd;  enters 
her  first  quarter  at  lOh.  57m.  p.m.  on  the  10th  ;  is  full  at 
Ih.  45m.  P.M.  on  the  17th  ;  and  enters  her  last  quarter  at 
111.  56m.  P.M.  on  the  24th.  She  is  in  apogee  at  9-8h.  p.m.  on 
the  1st  (distance  from  the  earth  252,600  miles),  in  perigee  at 
5-4h.  P.M.  on  the  10th  (distance  from  the  earth  222,510 
miles),  and  in  apogee  again  at  4-7h.  a.m.  on  the  29th  (dis- 
tance from  the  earth  252,300  miles).  Her  greatest  eastern 
libration  is  at  2h.  16m.  p.m.  on  the  10th,  and  her  greatest 
western  at  2h.  34m.  p.m.  on  the  22ud. 


(!E^css  ColttmiT. 

By  C.  D.  LococK,  B.A.O.wn. 

Special  Notice  to  Correspondents. — Till  farther  notice, 
communications  for  this  column  should  be  addressed 
"  Chess  Editor,  Knowli'ihjc  ()ilii:c,3-i(j,  llii/li  Jlnlboni,  W'.C." 

Solution  of  Problem  No.  3  (%  C.  J>.  L.) :  1.  Kt  to  B6, 
and  mate's  next  move. 

Correct  Solutions  from  : — Alpha,  K,  T.  E.  Kerrigan, 
J.  Landau,  W.  T.  Hurley,  M.  B.  (.Jesmond),  H.  S. 
Brandretti,  Giu.  Pianissimo,  T.  A.  Earl,  C.  T.  Blanshard, 
R.  W.  Houghton,  W.  E.  B.,  F.  E.,  E.  B.,  White  Knight, 
E.  T.  M.,  C.  S.,  G.  F.,  J.  G.  Ellis,  A.  -J.  Luisham,  Betula, 
A.  Eutherford,  T.,  and  J.  Taylor— (23  all  correct). 

Alpha.— MiQx  1.  .  .  QQ5,  2.  KtB3  is  not  mate.  You 
also  curiously  give  2.  QB5  in  reply  to  1.  .  .  QK5.  There 
is  another  variation,  1.  .  .  Q157,  2.  KtQ3. 

11 '.  T.  lluiiiii. — Duals  following  purposeless  defences  are 
no  defect.  In  the  present  case,  considcrmg  the  freedom  of 
the  Black  Queen,  it  seems  surprising  that  there  are  not 
more. 

T.  A.  Karl. — Positions  maybe  diagrammed  by  means  of 
either  (1)  rubber  stamps  and  coloured  inks,  or  (2)  coloured 
pencils,  or  (3)  circles  round  letters  representing  black 
pieces,  <•..'/.,  rp)=Black  Pawn. 

din.  I'iniiissimo. — Certainly  it  is  easy:  but  no  two-movers 
are  difficult. 

Wliib'  Kniiilit. — As  this  column  goes  to  press  on  the  12th 
of  each  month,  extension  of  time  is  an  impossibility. 
Eeply  to  you  last  month  was  sent  with  proofs. 

T.  11.  I!illi)iiit(in.  —  You  did  not  merely  claim  "no 
solution."  You  assuiiifd  the  mislakf,  and  scut  in  a  solution, 
by  which  you  bad  to  be  judged. 


■  Betida. — The  Bishop  variations  are  not  new,  but  they 
are  certainly  no  defect,  except  for  the  fact  that  they  have 
no  connection  with  the  key-move.  The  duals  with  the 
Knight  are  also  harmless. 

A.  J.  LulsJmin.—Kyevy  competitor  had  three  courses 
open — (1)  Simply  to  claim  "  no  solution,"  (2)  To  write  for 
information,  (3)  To  take  for  granted  the  very  obvious 
misprint,  and  send  solution  accordingly.  Merely  ignoring 
the  problem  is  not  sufficient. 

C.  T.  B. — Apropos  of  "  Chess  on  the  brain,"  did  you 
notice  that  your  three-mover  (No.  42)  in  the  Liverpool 
Mercuri/  is  a  rudimentary  picture  of  your  initials  ? 


PROBLEM  (No.  4). 
(From  a  Foreign  Paper. 

BLiCK. 


is  2        ^m 


m^,  ?.  m 


r/M  &  '^^      ^m      ^m 


\^ 


^ 


p^ 


White. 

White  to  play,  and  mate  in  three  moves. 


Special  Notice. — Solvers  are  particularly  requested  (1) 
To  read  the  notice  at  the  head  of  this  page  ;  (2)  To  send, 
in  addition  to  White's  second  moves,  the  moves  of  Black 
which  compel  them. 

Leading  Solvers'  Scores. 


Alpha 

14 

M.  B.  (.Jesmond) 

14 

W.  E.  B 

14 

C.  T.  Blanshard 

14 

T.E.Kerrigan 

14 

E.  T.  M 

14 

W.  T.  Hurley     ...     ... 

14 

J.  Landau  

14 

K ... 

14 

A.  Eutherford     

14 

Giu.  Pianissimo 

14 

T 

14 

T.  A.  Earl 

14 

J.Taylor     

14 

P.  B 

14 

Betula 

10 

R.W.Houghton       ... 

14 

A.  C.  L.  Wilkinson    .. 

9 

G.  F 

14 

A.  J.  Luisham    

6 

E.  B 

14 

J.G.Ellis 

6 

C.  s 

14 

White  Knight     

0 

Game  at  odds  of  Pi 

wn 

md   two  moves.     (Play 

jd  at 

Liverpool  last  August.) 

WUITE  (G.  F.  ) 

Bl-ACK  (,I.  E.  P.) 

[Renu 

v>'    1! 

:Kli>    KlU'.': 

1.  P  to  K4 

1 

2.  P  to  Q4 

2.  QKt  to  B3  (fl) 

3.  B  to  Q3 

3.  P  to  K4  (/-) 

4.  P  to  Q5 

4.  QKt  to  K2 

5.  P  to  KB4 

5.  P  to  Q3  (f) 

G.  PxP 

(!.  PxP 

7.  KKt  to  B3 

7.  B  to  Kt5  ((«) 

fS.  Castles 

8.  Q  to  Q3 

9.  B  to  K3  ! 

9.  P  to  QR3  (.') 

10.  Q.toK2  (/■) 

10.  KKt  to  B3 

11.  Kt  to  B3  (-/) 

11.  P  to  KKt3  (/i) 
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12.  QR  to  Qsq(0 

13.  P  to  QR3  ( i) 

14.  P  to  QKt4  (A-) 
lo.  P  to  R3  (ill) 

16.  RxB 

17.  QxR 

18.  Q  to  Kt3  («) 

19.  B  to  KKt5  (o) 

20.  E  to  KBsq 

21.  P  to  Q6  (7) 

22.  Kt  to  Q5 

23.  Q  to  B3 

24.  B  to  B4  ! 

25.  BxPch 


White  mates  in 


12.  B  to  Kt2 

13.  Castles  (KR) 

14.  Kt  toKsq  (0 

15.  BxKt 

16.  RxR 

17.  Q  to  KB3 

18.  Kt  to  Bsq 

19.  Q  to  Q3 

20.  Q  to  Q2  (//) 
■21.  QxP(;) 

22.  P  to  B3  (.s) 

23.  Q  to  Q2  (<) 

24.  PxKt  («) 

25.  K  to  Rsq 
three  moves. 


Notes. 

('/)  Not  so  good  as  P  to  Q3.  For  White  should  now  con- 
tinue with  3.  P  to  Q5,  Kt  to  K4  ;  4.  P  to  KB4. 

(h)  Kt  X  P  would  obviously  lose  a  piece  ;  but  the  best 
defence  again  is  P  to  Q3,  for  the  Knight  could  now  capture 
the  Bishop  if  attacked  twice  by  the  Pawns. 

((•)  Forced  now;  for  if  Kt  to  Kt3,  White  simply  changes 
Pawns  aud  checks  with  the  Queen,  followed  by  P  to  K5. 

((/)  Obviously  preparing  to  Castle  on  the  Queen's  side, — 
a  plan  which  he  never  carries  out.  Kt  to  KtS  seems  pre- 
ferable. 

(e)  He  dare  not  Castle  on  account  of  10.  B  x  P,  P  to 
QKt3  ;  11,  B  to  R6oh,  K  to  Q2  ;  12.  Kt  xP,  Q  x  Kt ;  13. 
Q  X  Bch,  K  to  Ksq  ;   14.  B  x  P  !  and  wins. 

(  /")  So  far  Wliite  has  played  excellently,  aud  has  in  fact 
a  winning  position.  But  now  he  begins  to  indulge  in  a 
series  of  weak  moves  which  partly  justify  the  odds  received. 
QKt  to  Q2  would  at  once  increase  his  advantage. 

{11)  Again,  QKt  to  Q2  would  be  much  better. 

(/()  Black  now  prepares  Castling  on  the  other  side  ;  per- 
haps he  would  do  so  better  by  Kt  to  Kt3  and  B  to  K2. 

(i)  Owing  to  the  weak  position  of  his  Queen's  Knight, 
White  gains  nothing  by  12.  Q  to  B2,  B  x  Kt !  (if  12.  .  .  . 
B  to  Kt2  ;  13.  KtxP,  Q  x  Kt  ;  14.  B  to  Q4)  :  nor  by 
12,  P  to  KR3,  B  X  Kt  !  (if  12.  ...  B  to  Q2  ?  ;  13.  Q  to 
B2  !  threatening  both  B  to  B5  and  Kt  x  P).  He  might 
play  12.  Kt  to  Qsq. 

(j)  Now  perhaps  13.  Kt  to  Ktsq  is  the  most  promising 
course,  with  a  view  to  Kt  to  Q2  or  P  to  QB4. 

(k)  This  greatly  weakens  the  Queen's  side,  and  leaves 
the  Knight  undefended.     Again,  Kt  to  Ktsq  seems  best. 

(/)  Kt  to  E4  seems  much  better,  and  would  render  the 
subsequent  slaughter  unnecessary. 

(ill)  A  wasted  move.  Kt  to  Ktsq  with  a  vievv  to  P  to 
QB4  is  still  best. 

(?!)  Q  to  Kt4  is  probably  better.  Q  x  Q  is  also  good 
enough. 

(o)  E  to  KBsq  should  be  played  at  any  rate  lirst. 

(p)  If  White's  reply  is  sound  he  should  play  something 
to  KB3  instead. 

17)  Ingenious,  if  not  quite  sound.  The  safest  course 
was  Kt  to  Qsq  and  Kt  to  K3. 

(r)  Kt  (from  Ksq)  x  P  was  also  feasible.  If  then  22. 
Kt  to  Qo,  P  to  B3  ;  23.  Kt  to  BGch,  B  x  Kt ;  24.  B  x  B, 
Kt  to  B2  (if  Kt  x  P  ?  25.  B  to  B4ch),  and  Black  has  good 
chances  of  drawing. 

(.s)  He  had  still  a  good  resource  in  Kt  tu  Kt3. 


(t)  Q  to  Bsq.  is  the  only  defence.  White  then  recovers 
the  Pawn  by  exchanging  and  checking  with  the  Knight. 

(u)  Fatal.  But  if  K  to  Rsq  ;  25.  Kt  to  Kt6  wins,  as 
"  G.  F."  points  out.  The  ending  is  very  well  played  by 
White.  

KNIGHTS  AND  BISHOPS. 

{Concluded  from  p.  180.) 

9.  There  is  one  other  advantage  of  the  Bishop,  in- 
cidentally mentioned  under  Point  4,  which  deserves  a 
separate  heading.  This  is  the  power  of  advancing  or 
retreating,  when  attacked,  nitliout  lieimj  direrted  from  its 
jntrpim'.  ^^'hen  a  Knight  is  compelled  to  move,  its  range 
of  attack  is  entirely  altered. 

To  sum  up  the  results  of  this  not  very  scientific 
investigation,  it  appears  that  the  Bishop  has  the  advantage 
in  six  points  out  of  the  nine.  Curiously  enough  no  less 
than  three  out  of  these  six  points  are  applicable  only,  or, 
at  any  rate,  specially,  to  the  end-game — the  very  stage  in 
whifti  the  Knight  is  supposed  to  assert  its  superiority.  It 
is  necessary  to  assume,  therefore,  that  in  the  end-game, 
Point  2  is  so  important  as  to  outweigh  Points  5,  6,  and  7. 
And  this  may  well  be  the  case.  Winning  Pawns  is  the 
essential  point  in  an  end-game,  and  in  this  the  Knight's 
superiority  is  unquestioned. 

Taking  only  the  opening  and  middle  game  mto  con- 
sideration (and  omitting,  therefore,  points  5  and  6),  the 
Bishop  has  the  best  of  four  points  out  of  the  remaining 
seven  ;  a  result  in  accordance  with  its  generally  estimated 
value.  This,  of  course,  is  only  a  coincidence  ;  a  merely 
numerical  statement  of  advantages  does  not  amount  to 
proof.  "Notice  that  Point  7  is  not  omitted.  Though  a 
Bishop  can  only  tntnlhi  confine  a  Knight  in  the  end-game, 
a  partial  confinement  is  of  constant  occurrence  early  in  the 
game.  For  instance,  a  Bishop  at  K3  may  be  said  to 
partially  confine  a  Knight  at  K3.  It  guards  four  squares 
attacked  by  the  Knight,  and  though  the  Knight  also  guards 
four  squares  attacked  by  the  Bishop,  the  Bishop  can  move 
heiiund  the  Knight's  range,  past  the  guarded  squares]. 
The  combinations  of  minor  pieces  must  be  briefly  dismissed. 
Two  Bishops  are  stronger  than  Bishop  and  Knight,  which, 
again,  are  superior  to  two  Knights.  Two  Bishops  can 
mate  easily,  Bishop  and  Knight  with  difficulty,  two  Knights 
not  at  all.  Two  Bishops  can  also  prevent  a  King  from 
crossing  the  board,  even  more  eft'ectually  than  a  Rook. 
When  placed  side  by  side  the  King  cannot  even  approach 
them. 
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EARWIGS.-II. 

1!y     H.     a.     Butleh. 
(('oiltinued  fnnii  pui/e   ISli.) 

THE  partiality  of  Earwigs  for  flowers,  and  imrticularly 
for  dahlias,  has  led  to  the  adoption  of  \arious 
devices  in  gardens  to  get  rid  of  them,  advantage 
being  taken  of  their  fondness  for  dark  corners. 
Mouti'et,  an  old  writer  to  whom  we  have  referred 
before,  speaks  of  "  ox-hoofs,  hogs'-hoofs,  or  old  cast  things  '" 
as  being  set  up  in  his  time  on  sticks  as  traps  by  the 
country  women,  to  whom  Earwigs,  or  erriwiggles,  as  they 
call  them,  are  exceedingly  hateful,  as  he  says,  "  because  of 
the  clove  gilliilowers  that  they  eat  and  spoyl."  Crabs' 
and  lobsters'  claws  have  been  used  with  effect  in  a  similar 


manner.  Into  the  recesses  of  these  the  Earwigs  delight 
to  penetrate  in  the  daytime,  just  as  they  have  learnt  to  do 
into  the  spurs   of  the  tropieolum  flowers    (Fig.   4)  since 


Fie.  4. — Tropifoliiin  tlower,  with  Earwig  in  spur.     Part  of  the  flower 
has  been  reiiioved.  to  disclose  the  Earwig. 

these  were  introduced  into  British  gardens.  But  the 
creatures  are  so  ubiquitous,  so  abundant,  at  least  in  this 
country,  and  so  determined  to  skulk  out  of  sight  in  the  day- 
time, squeezing  themselves  into  most  out-of-the-way  places, 
under  stones,  tiles,  bark,  leaves,  or  garden  rubbish  of  any 
kind,  wherever  there  are  but  a  few  cubic  millimetres  of 
breathing  space,  that  it  is  next  to  impossible  to  devise 
means  which  shall  be  very  efl'ectual  in  reducing  their 
numbers.  Not  only  do  they  damage  flowers,  but  like 
wasps,  they  are  destructive  to  ripe  fruit  as  well ;  De  Geer 
fed  some  of  those  he  kept  with  chopped  apples,  which  they 
eagerly  devoured.  Windfalls  from  the  fruit  trees  in 
orchards  are  soon  found  out  and  excavated  by  Earwigs, 
which  in  the  daytime  curl  themselves  up  in  the  hollows 
they  have  made  in  tbe  fruit,  sticking  close  to  their  booty, 
ready  to  fall  to  again  as  soon  as  the  promptings  of  himger 
and  the  return  of  darkness  combine  to  render  a  banquet 
desirable  and  safe.  Though,  as  a  rule,  vegetarian  in  diet, 
yet  they  have  no  objection  to  eating  animal  food  if 
opportunity  serves,  and  as  we  have  already  seen,  may  even, 
when  hard  pressed,  resort  to  cannibalism  ;  but  experiments 
seem  to  indiciite  tiiat  they  will  be  prepared  to  suSer  great 
extremities  before  falling  back  on  such  a  practice.  They 
may  be  kept  for  a  long  time  in  numbers  together, 
without  showing  any  disposition  to  attack  one  another, 
even  if  the  supply  of  food  be  scanty.  They  are  not  often 
found  indoors,  Imt  if  accidentally  introduced,  may  some- 
times do  irretrievable  damage.  The  entomologist  especially 
has  to  be  on  his  guard  against  them ;  if  they  do  manage  to 
gain  access  to  his  setting  boards,  they  have  no  hesitation 
in  trying  their  jaws  upon  the  insects  that  may  be  stretched 
on  them.  The  antenna^  of  dried  insects,  particularly  of 
certain  special  kinds,  seem  to  be  peculiarly  deUcate 
morsels.  The  little  booklousc,  when  attacking  insects 
moimted  on  card,  u.sually  makes  for  the  antenme  first ;  and 
the  Earwig  seems  to  have  a  similar  taste.  One  collector 
records  that  a  single  Earwig  passed  along  his  boards,  and 
in  two  days  removed  the  antennii'  from  thirty-six  moths  all 
belonging  to  one  species,  while  examples  of  other  species 
were  left  untouched.  The  entomologist  who  hunts  for  moths 
at  night  by  smearing  the  syrupy  liquid,  technically  called 
"  sugar,"  on  the  trunks  of  trees  as  a  bait,  often  finds,  on 
revisiting  his  trap,  that  crowds  of  Earwigs  have  found  out 
the  store,  and  are  revelling  in  the  tempting  sweets. 

Hitherto  we  have  spoken  only  of  the  Common  Earwig 
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Fig.  5.— Little 
Earwig  (Labia 
minor),  male. 
Magnified  four 
diameter.^. 


{Fnificula  tiuiiciiliiiid].  A  word  or  two  may  now  be  said 
about  the  remaining  British  members  of  the  family.  The 
only  other  that  is  at  all  common  is  that  called  the 
Little  Earwig  (Labia  iiiivor),  (Fig.  5),  a  much  smaller 
insect,  easily  distinguished  by  that  featm-e 
alone.  It  is  a  flat  little  thing,  hardly 
more  than  a  quarter  of  an  inch  long, 
forceps  and  all,  of  a  yellowish-brown  colour, 
with  darker  head  and  antenn*,  and  pale 
straw-coloured  sprawling  legs.  For  some 
reason  not  very  easy  to  discover,  it 
manages  to  do  with  only  ten  or  twelve 
joints  to  its  antennif.  instead  of  the  fifteen 
of  the  larger  species,  and  the  last  two  of 
these  are,  equally  inexplicably,  of  a  pale 
yellow  colour,  the  rest  being  deep  brown. 
The  forceps  of  the  male  differ  greatly  from 
those  of  the  larger  species,  and  are  much 
less  elegant.  At  the  point  where  they  join 
the  body  they  are  widely  separated  from  one 
another,  instead  of  being  nearly  contiguous ; 
they  are  only  slightly  curved,  and  have  no  teeth  on  the 
inner  edge.  The  forceps  of  the  female,  on  the  other  hand, 
are  very  similar  to  those  possessed  by  the  same  sex  in 
Forjinila  auricularia.  This  little  insect  is  not  nearly  so 
retiring  in  its  habits  as  its  larger  relative.  Its  wings  are 
rather  larger  in  proportion  to  its  body,  and  it  is  much 
more  ready  to  use  them.  It  may  be  found  flying,  even  in 
the  daytime,  about  gardens  and  dunghills,  and  so  little 
fears  the  neighbourhood  of  man  that  it  is  sometimes  met 
with  in  busy  streets,  flying,  or  running  about  on  the 
pavement  at  the  imminent  risk  of  its  life  from  the  feet  of 
passers-by.  About  midsummer  is  the  best  time  to  find 
the  Little  Earwig  ;  it  is  not  nearly  so  plentiful  as  the  larger 
species,  though  fairly  common,  and  it  probably  does  but 
little  damage. 

In  great  contrast  to  this  little  creature  is  the  Giant 
Earwig  {hiihidura  rijiaria),  which  is  as  rare  as  either  of 
the  other  two  is  common.  It  is  a  tine  large  insect,  over 
an  inch  long,  of  a  reddish-yellow  colour.  Its  size  alone  is 
sufticient  to  distinguish  it  from  almost  all  our  other 
species.  It  was  first  recorded  as  a  British  insect  in  1808, 
when  the  Rev.  W.  Bingley  found  it  in  some  numbers  near 
Christchttrch,  Hants.  This  seems  to  have  been  its  head- 
quarters, but  it  spread  east  and  west  from  this  locality, 
and  the  places  at  which  it  has  since  been  captured 
range  along  the  south  coast  from  Dorsetshire  to  Kent. 
The  last  recorded  specimen  was  taken  five  years  ago  on 
the  coast  of  Dorsetshire.  As  the  insect  seems  to  have 
been  plentiful  when  first  discovered,  it  is  possible  that  it 
may  still  be  existing  in  greater  numbers  than  the  records  of 
its  capture  would  lead  us  to  infer  ;  and  those  who  live  in 
the  region  of  its  former  metropolis  should  keep  a  sharp 
look-out,  especially  near  high-water  mark  and  towards 
evening,  when  they  may  perhaps  gain  an  introduction  to 
stray  individuals  of  this  fine  species,  as  they  come  out  for 
their  nightly  foraging.  The  forceps  of  the  male  have  a 
large  tooth  on  their  inner  side  like  those  of  the  Common 
Earwig,  but  it  is  situated  nearer  the  tip. 

Besides  this  rare  southerner,  there  is  also  a  still  rarer 
northerner,  AnmAalis  uuiritimn  by  name,  which  was  foimd 
at  South  Shields  in  1850,  by  that  indefatigable  entomo- 
logist, Mr.  T.  J.  Bold.  As  it  was  discovered  so  near  a  port 
and  had  not  been  met  with  elsewhere.  Mr.  Bold  thought 
that  it  had  been  introduced  by  shipping;  but  as  he  foimd 
a  young  one  in  the  autumn,  it  would  seem  that  the  species 
had  begim  to  make  itself  at  home  by  establishing  a  nursery, 
and  had  settled  down,  at  least  for  a  time.  It  is  rather 
larger  than  the  Common  Earwig  and  differs  also  in  colour. 


being  dark  blackish -brown  above  and  yellowish  beneath. 
But  its  most  striking  point  of  difference  is  the  entire 
absence  of  wing-covers  and  wings,  a  peculiarity  which 
makes  it  look  like  an  overgrown  larva.  The  forceps  of  the 
male  are  remarkable  in  being  unequally  curved,  whereby 
they  acquire  an  aspect  of  deformity ;  the  right  branch  is 
more  curved  than  the  left.  Whether  this  insect  has  per- 
manently established  itself  on  British  soil  and  is  still  to 
be  met  with  in  the  neighbourhood  of  its  first  appearance, 
or  whether  it  has  found  the  chmate  uncongenial,  or  the 
accommodation  unsuitable,  and  has  therefore  yielded  to 
the  force  of  circumstances  and  become  extinct,  so  far  as 
our  own  country  is  concerned,  is  not  definitely  kno^-n.  Here 
then  is  an  opportunity  for  our  north  country  friends  to 
distinguish  themselves  by  the  re-discovery  of  the  wingless 
Earwig  of  South  Shields. 

The  next  species  is  Fnrjiculn  laihcscois,  a.  yellowish-brown 
insect,  smaller  than  its  close  ally,  the  Common  Earwig. 
Scarcely  anything  is  yet  known  of  the  distribution  of  this 
insect  in  Britain,  and  as  there  are  very  few  people  who 
take  the  trouble  to  record  the  doings  of  such  despised 
things  as  Earwigs,  it  may  be  long  before  more  definite 
information  is  obtained.  It  is  a  south  European  species, 
but  it  has  been  recorded  from  some  places  on  the  Dorset- 
shire coast,  and  might  very  likely  turn  up  in  other 
localities  as  well,  if  only  properly  looked  for.  It  is  in  an 
intermediate  condition  between  the  last-mentioned  insect 
and  the  Common  Earwig,  having  wing-covers  indeed,  but 
scarcely  anything  worth  calling  wings  for  them  to  cover  ; 
and  thus  we  see  that  though  the  number  of  British  Ear- 
wigs is  so  small,  they  are,  nevertheless,  an  exceedingly 
interesting  collection,  since  they  represent  the  chief  varia- 
tions of  form  we  might  expect  to  find  in  a  single  family  of 
insects. 

Our  sixth  and  last  species  is  another  pale  and  rare 
one  called  Chelidiira  aJliiprntiis.  Here  again  we  have 
a  wingless  Earwig ;  its  wing-covers  are  perfectly  formed, 
but  they  protect  no  wings,  and  consequently  the  insect 
cannot  fly.  It  is  very  variable  in  size,  sometimes  only 
sUghtly  longer  than  the  Little  Earwig,  at  others  much 
bigger  ;  its  body  and  forceps  are  both  hairy.  It  is  widely 
distributed  on  the  Continent,  and  in  England  has  been 
caught  by  Professor  Westwood  at  Ashford.  As  these 
various  species  of  wingless  Earwigs  have  in  all  cases 
perfectly  developed  forceps,  it  seems  pretty  plain  that 
whatever  aid  these  instruments  may  sometimes  render  in 
the  manipulation  of  the  wings,  such  a  ftmction  can  neither 
be  the  only,  nor  indeed  the  chief  use  of  them,  else  they 
would  in  the  apterous  forms  have  followed  the  wings  into 
a  state  of  abortion.  Xor  can  we  imagine  a  sensory  use 
for  them,  such  as  was  suggested  for  the  two  pointed  styles 
of  the  house  cricket,  and  possibly  for  the  two  spindle- 
shaped  organs  similarly  situated  in  the  cockroach :  the 
Earwig's  forceps  are  too  hard  for  anything  of  this  kind, 
and  we  are  thrown  back,  therefore,  on  the  hypothesis  that 
their  chief  function  is  that  of  an  offensive  and  defensive 
armature. 

Notwithstanding  their  retiring  habits,  Earwigs  do  not 
escape  from  the  attacks  of  parasites.  Westwood  states 
that  there  is  a  kind  of  ichneumon  fly  which  attacks  the 
Common  Earwig,  depositing  eggs  in  its  body,  the  contents 
of  which  are  devoured  by  the  larva^  hatched  from  them  ; 
and  I  have  myself  found  a  large  fleshy  maggot,  apparently 
that  of  a  flesh- eating  Dipterous  fly,  inside  the  body  of  a 
full-grown  Earwig.  Internal  insect  parasites  such  as 
these,  whether  Hymenopterous.  like  the  ichneumon  fly, 
or  Dipterous,  like  the  maggot  above  referred  to,  when 
attacking  insects  which  pass  through  a  complete  metamor- 
phosis, usually  become  mature  while  their  host  is  in  the 
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chrysalis  condition,  and  thus  the  latter  does  not  itself 
reach  maturity,  but  perishes  while  still  a  chrysalis, 
through  the  development  and  exit  of  the  parasite.  Here 
the  very  fact  of  the  host's  being  in  a  quiescent  condition, 
and  taking  no  food,  is  the  means  of  sounding  its  own 
death  knell,  the  parasite  absorbing  its  vital  tissues  while 
it  has  no  power  of  repair  ;  the  parasite  is  complete  master 
of  the  situation,  and,  in  consequence,  it  is  the  rarest  thing 
imaginable  for  the  host  to  straggle  on  to  maturity.  But 
with  such  an  insect  as  the  Earwig  the  case  is  different. 
Here  we  have  an  insect  which  has  no  quiescent  pupa 
stage,  but  continues  to  take  food  throughout  life,  thereby 
to  some  extent  perpetually  neutralizing  the  effect  of  the 
parasite's  attacks ;  and  it  is  hardly  surprising,  therefore, 
that  in  such  a  case  the  maturation  of  the  parasite  should 
be  delayed  till  much  later  in  the  life  of  the  host,  and  that 
the  latter  should  thus  be  able  to  reach  maturity  in  safety. 
As  a  factor  in  the  perpetuation  of  its  race,  however,  it 
would  probably  be  just  as  devoid  of  influence  as  if  it  had 
died  in  pupahood,  as  the  parasite  would  probably  subsist 
at  the  expense  of  its  reproductive  organs,  and  thus  render 
it  barren.  The  exit  of  the  parasite,  under  such  circum- 
stances, would  be  an  interesting  event  to  witness,  and  one 
would  be  glad  to  know  the  precise  point  at  which  it 
escapes,  as  well  as  the  means  by  which  it  bursts  through, 
for  the  skin  of  the  perfect  Earwig  is  much  harder  and 
tougher  than  it  is  during  the  larval  and  pupal  stages,  and 
the  parasite  is  therefore  much  more  effectually  imprisoned. 
Besides  these  insect  parasites,  a  Filaria,  or  thread- worm, 
has  been  discovered  infesting  the  Common  Earwig,  as  well 
as  a  (rreiiarind,  a  creature  of  much  simpler  organization 
even  than  the  thread-worm. 

The  systematic  position  of  Earwigs  has  been  a  matter  of 
considerable  controversy  ;  they  constitute  a  very  compact 
family — the  Fni-jioilidic — and  were  placed  by  Liimc  in  the 
order  Coleoptera,  or  beetles.  In  some  respects  they  cer- 
tainly do  exhibit  a  tolerably  close  resemblance  to  one 
particular  group  of  this  order,  viz.  the  rove-beetles,  a  set 
of  carrion  and  dung-feeders  which  are  technically  called 
Brachelytra.  These  are  beetles  ot  narrow  elongate  body, 
with  very  short  wing-covers,  so  that  the  greater  part  of 
the  abdomen  is  exposed,  instead  of  being,  as  is  generally 
the  case,  concealed  beneath  the  overarching  elytra,  or 
wing-covers.  It  was  this  small  size  of  the  flying  apparatus 
which  suggested  the  name  of  the  group,  Brachelytra  being 
Greek  for  "  short  elytra."  Some  of  the  larger  species  of 
this  group  (Fig.  6)  are  about  the  size 
of  Earwigs,  and  in  consequence  of  their 
elongate  form  and  short  elytra  are 
very  generally  mistaken  for  them,  the 
resemblance  being  sometimes  height- 
ened by  the  presence  of  short,  pointed, 
projecting  organs  at  the  end  of  the  body 
yfT',  I  ;"f\  in    the  position    of  the    true   Earwig's 

•/    Jfll^Sk    V        forceps.     But  the  resemblance  is  after 
"^  all    only   a   superficial    one.      No    true 

projecting  funrps  are  ever  developed 
in  the  rove-beetles ;  their  wings  are 
dift'erently  veined  and  differently  folded 
from  those  of  Eai-wigs,  and  lastly,  and 
most  important  of  all,  the  life-liistories 
of  the  two  groups  are  utterly  unlike, 
for  the  rove-beetles  pass  into  a  qui- 
escent chrysalis  stage  before  becoming 
perfect  insects,  which  is  never  the  case 
with  Earwigs.  By  later  systonuitists 
the  Earwigs  were  removed  from  tlie 
Coleoptera  and  put  into  the  Orthoptera, 
amongst    the    cockroaches,    crickets,    grasshoppers,   and 


Via.  6.-  Philon- 
fhus  reneux,  a  Ruve- 
Bcotle,  aomcHiufs 
mistaken  for  an 
Karvvip.  Maiinilieil 
tlirt'i'   (lianu'tiTs. 


locusts,  forming,  however,  a  distinct  section  of  the  order. 
In  the  nature  of  their  mouth  organs  and  the  style  of  their 
metamorphosis  they  do  indeed  resemble  these  insects,  yet 
they  are  so  peculiar,  in  the  matter  of  the  wings,  that  their 
location  with  the  Orthoptera  did  not  satisfy  all  naturalists ; 
consequently  Kirby  in  1823  removed  them  and  made  them 
into  a  separate  order  by  themselves,  under  the  name 
Dermaptera,  an  unfortunate  piece  of  nomenclature,  since 
this  term  had  previously  been  adopted  as  the  name  of  the 
whole  order  which  is  now  called  Orthoptera.  Westwood 
therefore  proposed  to  replace  the  name  Dermaptera  by 
Euplexoptera  (well-folded  wings),  in  allusion  to  the  com- 
plicated system  of  wing-folding  which  distinguishes  Ear- 
wigs ;  but  the  pendulum  has  again  swung  round  in  the 
opposite  direction,  and  they  are  now  again  grouped,  at 
least  by  professed  entomologists,  in  the  order  Orthoptera. 

We  may  conclude  with  a  brief  reference  to  the  peculi- 
arities of  the  popular  names  of  these  well-known  pests. 
It  is  remarkable  that  in  almost  all  the  languages  of  Europe 
they  are  known  by  names  which  have  some  connection 
with  the  word  "  ear."  It  is  always  the  ear  "  wonn," 
"  borer,"  "  piercer,"  "twister,"  or  something  of  that  sort, 
names  which  obviously  reflect  the  vulgar  and  wide-spread 
superstition  that  the  Earwig  cree^Js  into  the  human  ear 
and  causes  death  by  effecting  thence  an  entrance  into 
the  brain.  It  is  curious  that  so  manifestly  absurd  an  idea 
should  ever  have  gained  such  wide  credence — so  wide 
indeed  as  to  have  been  incoi-porated  into  the  traditional 
lore  of  all  the  mo.st  cinlized  nations  of  the  world — and 
still  more  so  that  it  should  even  yet  show  strong  signs  of 
vitality.  Such  a  notion  of  coarse  explains  the  popular 
prejudice  against  the  Earwig,  which  indeed  is  not  an  insect 
that  has  ever  succeeded  in  inspiring  either  admiration  or 
respect ;  on  the  other  hand,  superstitious  fear,  hatred,  or 
contempt  have  generally  been  the  feelings  with  which 
it  has  been  regarded,  and  even  its  name  was  once 
used  as  a  scornful  epithet,  a  synonym  for  an  "  inquisitive 
informer  " — no  doubt  in  allusion  to  its  habit  of  poking 
its  head  into  corners. 


THE  MUSHROOM. 


By   J.    Pentland    Smith,    M.A.,   B.Sc,   Ac. 
[Lecturer  on  Botiiny,   The  Horticultural  CoUeijc,  Suanleij.) 

DURING  the  months  of  September  and  October, 
especially  if  the  air  be  moist  and  warm,  in%-iting- 
looking  patches  of  white-capped  ^Mushrooms 
spring  up  in  the  green  grass  fields.  Some  are  small 
like  round  white  buttons  ;  others  are  large  and 
have  the  appearance  of  a  plate  supported  on  a  stalk.  These 
larger  ones  are  much  darker  in  colour  than  their  diminutive 
neighbours.  They  grow  with  great  rapidity.  I  have 
gathered  Mushrooms  one  morning,  leaving  the  ground 
destitute  of  a  vestige  of  them,  and  two  mornings  afterwards 
an  abundant  crop  has  presented  itself  on  the  same  spot. 

The  common  Mushroom  is  a  member  of  a  very  large 
genus — the  genus  Ai/tiricu^.  It  consists  of  some  hundreds 
of  species,  and  has  been  broken  up  into  a  number  of  sub- 
genera, and  to  one  of  these,  I'xdtliotd,  the  common 
Mushroom  belongs.  Its  botanical  name  is  Aiiaricus 
(I'xdllidtd)  cdm/icxlris. 

The  stalk,  technically  called  the  stipe,  which  is  so 
evident  in  older  specimens,  is  cylindrical  in  shape,  and  in 
colour  generally  white.  The  disc  which  it  supports  is 
termed  the  I'itiux.  Its  colour  is  variable,  whitish  and 
flaky  on  its  upper  surface,  as  a  rule,  but  at  limos  brown 
and  scaly.  Alteration  of  situation  affects  it  in  this  way,  as 
is  the  case  with  many  other  plants. 
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Fig.    I. 


Mycelium 


On  the  under  surface  of  the  cap  are  a  number  of  gills 
of  a  brown  colour,  disposed  in  a  radial  fashion.  They 
are  not  all  of  the  same  size,  some  running  from  the  stalk 
to  the  periphery,  while  others  stop  at  intermediate  places 
on  the  way,  but  they  are  all  disposed  so  that  the  inter- 
spaces between  the  adjacent  gills  are  kept  of  the  same 
breadth.  Half-way  up  the  stalk  of  the  older  specimens, 
which  we  are  supposed  to  be 
examining,  there  is  a  collar 
formed  of  a  flaky  material 
which  has  the  appearance  of 
having  been  torn  from  some 
other  body  in  the  course  of  its 
growth.  It  is  called  the 
rein  III  or  veil.  A  glance  at  a 
series  of  specimens,  ranging 
in  age  from  the  button  stage 
upwards,  reveals  the  origin 
of  the  veil.  In  the  youngest, 
the  gills  are  not  visible,  the 
cap  is  nearly  spherical  and  its 
margin  lies  near  the  upper 
portion  of  the  stalk  (Fig.  I.,  3). 
The  existence  of  a  cavity 
formed  by  the  cap  and  the 
stalk  is  obscui-ed  by  a  mem- 
brane joining  the  periphery 
of  the  cap  and  the  stalk.  An 
older  form  shows  that  a  tear- 
ing of  this  tissue  is  taking 
place  consequent  on  the  ex- 
pansion of  the  cap,  and  the 
line  of  ruptiu'e  is  near  the 
circumference  of  the  cap.  As 
the  cap  increases,  the  mem- 
brane is  completely  separated 
from  it  and  is  left  as  a  frayed 
ring  on  the  upper  part  of  the 
stalk. 

The  gills  in  the  younger 
specimens  are  often  of  a 
delicate  pink  hue,  while  in 
others  they  are  whitish.  In 
fact,  we  are  dealing  with  a 
very  variable  species,  which 
is  common  in  rich  pastures,  accoi'ding  to  Berkeley,  in  most 
parts  of  the  world. 

The  base  of  the  stalk  is  connected  with  a  number  of 
white  threads.  If  we  carefully  remove  the  earthy  and 
other  particles  from  these  we  shall  find  that  other  stalks  are 
connected  to  them,  so  that  we  have  a  large  number  of 
Mushrooms  all  united  together  by  these  strands.  ^lade 
up  in  dry  patches  of  manure,  the  threads  or  strands'  are 
sold  in  shops  under  the  familiar  name  of  Mushroom 
spawn.  They  ramify  through  the  soil  wherever  these 
forms  grow.  In  all  probability,  then,  there  is  some  ^•ital 
connection  between  the  Mushroom  spawn  and  the  Mush- 
room plant. 

If  the  cap  of  a  Mushroom,  just  arrived  at  maturity,  be 
placed  in  its  natural  position  on  a  sheet  of  paper  and 
allowed  to  remain  there  for  some  time  in  a  still  atmosphere, 
it  will  be  found,  on  remo\'ing  it,  to  have  left  an  impression 
of  its  gill  system  on  the  paper,  by  the  deposition  of  minute 
dust-hke  particles,  which  naturally  suggest  to  one's  mind 
their  connection  with  the  gills  themselves.  They  are  so 
minute  that  a  hand  lens  is  useless  for  their  examination, 
so  we  select  a  portion  of  the  cap  and  place  it  in  a  sUt  in  a 
piece  of  pith,  and  with  a  razor  wetted  in  dilute  alcohol  we 
cut  an  extremely  thin  tangential  vertical  section.      Under 


(spawn)  of  Mushroom  care- 
fully washed.  Young 
fructifications  (Mushroom 
plants),  a,  are  seen  arising 
on  it.  2.  Young  Mushroom 
cut  TertieaUy  through  the 
centre,  showing  the  cavities, 
c.  into  which  the  gills  will 
afterwards  grow.  3.  Longi- 
tudinal radial  section  of 
youug  Mushroom  at  a  later 
stage  than  2 ;  I,  gills ;  v. 
Tclum  or  veil ;  a,  younger 
Mushrooms. 


a  lens  the  section  appears  as  represented  in  Fig.  11.,  1. ; 
under  a  low  power  of  the  microscope,  a  single  lamella 
has  the  appearance  of  Fig.  II.,  2.  In  the  centre  is 
a  lax  tissue  composed  of  elongated  cells,  and  called  the 
tramii.  It  is  bordered  on  both  sides  by  smaller  cells 
which  form  the  siih-liyiiieniul  layer.  Surrounding  this 
layer  is  a  belt  of  larger  cells,  the  hymenial  layer.  On 
some   of  these  may  be 

\>\\e  U.3 


noticed  two  minute 
stalks  bearing,  each  one, 
a  small  oval  body.  This 
will  be  better  observed 
on  reference  to  Fig.  II., 
H,  which  is  a  small  por- 
tion of  the  lamella  very 
much  magnified.  The 
oval  bodies  are  called 
spores.  They  are  of  a 
brownish  -  purple  hue. 
The  stalks  on  which 
they  arise  are  termed 
steriijiiiata,  and  the  cell 
which  bears  sterigmata 
is  called  a  hasidium. 
Between  the  basidia 
are  cells  which  do  not 
bear  spores,  but  appear 
to  act  as  padding. 
They  are  known  as 
piirapliyses. 

The  spores  of  Ayaricus 
caiiipestris  and  of  the 
Hyiiii'iiiiiiiyretes  (the  di- 
vision of  Fungi  to  which 
it  belongs)  generally  are 
comparable,  according 
to  some,  to  the  gonidia 
of  the  potato-disease 
fungus,  that  is,  they 
have  been  formed  asex- 
ually.  According  to 
others  they  are  true  spores,  but  as  male  and  female  organs 
have  never  been  found  in  this  plant,  apogamy  (or  suppres- 
sion of  the  union  of  male  and  female  elements)  is  supposed 
to  have  taken  place.  For  the  sake  of  convenience  we  call 
them  spores,  and  the  Mushroom  plant  on  which  they 
arise,  the  sporojilioie. 

From  the  spores  the  Mushroom  plant  arises.  It  is 
curious,  however,  that  the  germination  of  these,  in  the 
particular  species  with  which  we  are  now  dealing,  has 
never  been  observed,  although  it  has  been  seen  in  allied 
forms.  In  these  cases  there  were  many  failures  before 
good  results  were  obtained,  these  being  due  to  conditions 
of  temperature  and  moisture,  itc,  so  that  far  from 
destroying  our  hopes  in  this  case,  we  may  look  soon  for  an 
account  ol  observations  on  the  germination  of  the  spores 
of  AyarUiis  ruin  just  ris. 

Nevertheless,  at  the  present  time  curious  speculations 
have  arisen  auent  these  spores,  and  the  botanist's  inability 
to  germinate  the  spores  has  given  an  air  of  truth  to  them 
rather  than  otherwise.  Mr.  Straton,  writing  in  Xature, 
of  16th  November,  1890,  states  :  "  The  coimnon  Mush- 
room (P«(//io(«  ((/wywsfra)  is  particularly  agreeable  to  sheep 
and  oxen,  and  is  abundant  in  autumn  in  rich  pastures. 
Although  there  is  still  much  in  our  knowledge  of  its  life- 
history  that  is  incomplete,  yet  it  is  evidently  composed  of 
two  main  periods  ;  first,  a  parasitic  period  passed  in  the 
body  of  an  animal  host ;  and  secondly,  a  saprophytic  period 
passed  on   some  suitable  organic   soU.      Let  us  sow  the 


trama 


J. 

Fig.  II.  1.  Longitudinal  section 
of  cap,  showing  gills  (enlarged). 
2.  Magnified  repre>eutation  of  a 
gill  of  1 ;  f,  trama ;  s.  hi/,  sub- 
hymenial  layer;  hi/,  hymenium; 
h.  basidium.  3.  Very  much  mag- 
nified \ie-K  of  a  small  portion  of 
above  ;  j),  pai-aphyses;  b,  basidium  ; 
s,  spore ;  «',  developing  spore  ;  s/, 
sterigma;  *.  hi/,  sub-hymenial layer. 
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spores  of  a  ripe  Mushroom  as  carefully  as  we  may,  none 
of  them  will  grow ;  the  first  stage  of  the  Mushroom's 
existence  must  be  passed  in  the  body  of  an  animal  host, 
and  as  horses,  sheep,  and  oxen  are  all  readily  attracted  by 
its  taste  and  mealy  smell,  it  has  never  any  difficulty  in 
finding  a'  host  to  take  it  in."  Mr.  Straton  here  takes  it 
for  granted  that  the  spores  must  pass  through  the  body 
of  an  animal  such  as  the  horse  before  germination  will 
take  place,  and  he  consequently  adduces  the  pleasant  smell 
and  taste  of  the  Mushroom  as  attractive  characters  of 
value  to  the  plant.  But  has  a  short  residence  within  an 
animal  host  been  proved  to  be  a  necessary  probation  to 
germination  ?  I  think  not.  It  may  or  may  not  be  the 
case,  however.  The  question  is  an  interesting  one,  and 
my  remarks  may,  perhaps,  elicit  further  information  on 
this  point.  Mr.  M.  C.  Cooke,  in  an  article  on  the 
"  Attractive  Characters  of  Fungi,"'"  does  not  evidently 
give  unqualified  assent  to  the  opinion  expressed  by  the 
writer  just  quoted.  He  states  ;  "  Whether  horses,  oxen 
and  sheep  really  iid  the  common  Mushroom  we  venture  to 
call  in  question,  but  they  (Ui  eat  the  grass  upon  which  the 
fungus  spores  have  fallen."  We  have  observed  horses, 
cattle  and  sheep  eating  the  grass  all  around  where  Mush- 
rooms have  been  growing,  and  seen  them  pass  on,  leaving 
the  Mushrooms  for  us  to  gather  on  our  own  account.  This 
does  not  show  much  animal  predilection  for  fungus  food, 
and  hardly  bears  out  the  paragraph  that  "  horses,  sheep 
and  oxen  are  readily  attracted  by  the  taste  and  mealy 
smell."  Without  venturing  to  throw  doubt  upon  the  old 
faith  that  the  spores  of  the  Mushroom  are  destined  to  pass 
through  the  entrails  of  a  horse,  or  that  a  horse  or  cow 
may  sometimes  even  eat  a  Mushroom  if  it  comes  in  its 
way,  still  we  have  great  hesitation  in  accepting  as  an 
article  of  beUef  that  they  seek  them  out  and  devour  them 
bodily,  for  the  sake  of  the  preservation  of  the  species." 
Another  writer  maintains  that  msects,  such  as  flies  and 
beetles,  whose  larva^  are  often  met  with  in  decomposing 
Mushrooms,  are  the  active  agents  as  much  as  horses  and 
oxen  in  develojjing  the  spores.  He  believes  that  a  sus- 
tained temperature  may  be  necessary  for  their  development, 
and  this  they  find  in  the  bodies  of  these  animals.  Does 
this  not  seem  nearer  the  mark,  than  the  statement  that 
during  a  period  of  its  existence  the  Mushroom  is  a  parasite 
— that  is,  it  feeds  on  the  tissues  or  juices  of  a  living  host  ? 
The  product  of  the  germinated  spore  consists  of  a 
number  of  tine  threads,  or  hyphre,  which  unite  to  form  the 
spawn,  or  mycelium.  The  mycelial  strands  may  some- 
times attain  the  thickness  of  thin  whipcord.  They  are 
produced  by  a  weaving  together  of  the  hyplial  filaments. 
Here  and  there  small  knobs  appear  on  them,  which  develop 
gradually  into  the  Mushroom.  The  tissue  of  these  is  at 
first  continuous,  but  soon  disintegration  takes  place,  result- 
ing in  the  formation  of  an  annular  cavity  dividing  the  cir- 
cumferential portion  of  the  cap  from  the  stalk.  (Fig.  I.,  2,  <■.) 
Into  this  cavity  down-growths  of  the  cap  make  their 
appearance  and  form  the  gills.  The  tissue  of  the  gills  is  a 
further  development  of  that  of  the  cap.  The  ends  of  the 
filaments  which  border  the  gills  are,  as  may  be  seen  on 
reference  to  Fig.  II.,  at  right  angles  to  that  of  the  trama. 
In  the  trama  the  filaments  arc  not  closely  woven  together; 
while  in  the  sub-hymcnial  layer  they  are  so  closely 
wci'ted  that  it  appears  as  made  up  of  small  closely  com- 
pacted cells.  Outside  the  sub-hymenial  layer  the  ex- 
tremities of  the  filaments  form  the  basidia  and  paraphyses. 
From  the  ends  of  the  basidia  the  stalks,  or  sterigmata, 
arise.  A  swelling  sooner  or  later  appears  at  the  apex  of 
each    sterigma,    and    this   enlarges   into   a  spore,    which, 
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because  it  is  produced  on  a  basidium,^  is  called  a  basidio- 
spore.  The  spores  contain  the  greater  part  of  the  proto- 
plasm of  the  basidia.  They  soon  acquire  a  thick  coat,  and 
their  connection  with  their  parent  becomes  less  and  less 
until  at  last  they  drop  off  as  the  purplish-brown  bodies  of 
which  we  previously  spoke.  The  life-history  diagram- 
matically  represented -would  be  as  follows  : — 
basidium 


/^ 


^. 


sporocarp  (Mushroom  basidiospores 

plant)  (apogamy)  ^  ^ 

myceUum 
(spawn) 

The  whole  mass  of  the  Mushroom  is  made  up  of  the 
wefted  threads  of  enormously  long  and  branched  filaments, 
which  have  been  produced  presumably  from  a  single  spore. 
We  have  no  evidence,  however,  against  the  assumption 
that  the  mycelium  on  which  a  Mushroom  arises  has  arisen 
from  more  than  one  spore.  The  Mushroom  has  all  its 
parts  developed  some  time  before  it  is  seen  above  gi'ound. 
Its  unexpected  appearance  there  is  doubtless  consequent 
on  an  increase  in  the  size  of  its  cells,  and  not  on  the 
formation  of  new  cells.  "  In  .hidrirus  n(l(iiin.-<,"  De  Bary 
says,  "  I  succeeded  in  determining,  by  measurement  of  the 
cells  and  counting  their  number  on  the  transverse  section, 
that  the  increase  in  length  and  breadth  of  the  stipe,  which 
becomes,  on  an  average,  50 — 60  mm.  long,  from  the  time 
when  its  length  was  about  3  mm.,  and  its  cells  could  be 
exactly  measured,  must  be  almost  exclusively  due  to  an 
extension  of  the  cells."  | 

During  the  primary  stages  of  its  growth,  the  cells  on 
the  upper  surface  of  the  cap  grow  more  rapidly  than  those 
on  the  lower.  The  secondary  period  is  marked  by  a  more 
rapid  growth  in  the  opposite  direction,  so  that  the  margin 
of  the  cap  is  brought  further  and  further  from  the  stalk. 

From  what  has  been  already  indicated  we  can  see  that 
the  tissue  of  the  Mushroom  is  not  a  true  tissue,  but  such 
as  appertains  to  the  lowest  forms  of  plants — the  Fungi. 
The  Mushroom,  then,  is  a  fungus.  Its  mode  of  life  is 
typical  of  that  seen  in  the  majority  of  the  members  of  that 
group.  In  its  cells  there  is  no  green  colouring  matter 
(chlorophyll),  and  in  consequence  it  is  unable  to  make  use 
of  the  carbon  dioxide  of  the  air  as  its  source  of  carbon.  It 
relies  upon  other  sources  for  it,  finding  it  in  the  decaying 
vegetable  matter  of  the  manure  of  sheep,  horses,  oxen, 
&c.  It  assimilates  the  already  elaborated  carbonaceous 
materials  by  the  action  of  a  ferment  secreted  at  the  tips  of 
the  fibrils  of  its  mycelium,  and  also  takes  up  mineral 
matters  from  the  soil. 

The  mycelium  or  spawn  exists  apparently  for  years 
below  ground,  that  is  to  say,  it  is  perennial,  while  the 
fructifications — the  conspicuous  Mushroom  plants — are 
transitory  structures  ;  but  as  no  one  has  observed  the 
germination  of  a  spore,  we  are  unable  to  say  what  time 
must  elapse  between  that  act  and  the  production  of  a 
Mushroom  plant.  It  is  the  spawn  which  absorbs  the 
nutrient  material.  Its  etfect  upon  its  surroundings  is 
sometimes  seen  in  the  production  of  "  fairy  rings," 
although  these  are  not  so  commonly  formed  by  this 
species  as  by  some  of  its  allies.  The  miraculous  origin  of 
these  rings  has  now  been  exploded  ;  poets  must  be  content 
with  a  less  imaginative,  although  at  the  same  time  nioi-e 


t  -V  cell,  from  the  end  of  which  ii  spore  is  produced  in  the  manner 
indicated,  is  called  a  basidium. 

J  De  Bary,  "  Comparative  Morphology  ami  Biologv  of  the  Fungi, 
Mycetozoa,  and  Bacteria,"  page  .^.'j. 
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satisfactory,  interpretation  of  their  appearance.  Many 
fungi  of  the  Mushroom  tribe  show  a  tendency  to  spread  in 
all  directions  from  the  spot  where  tlieir  myceHum  has  first 
obtained  its  hold  on  the  soil.  They  exhaust  the  soil,  so 
that  the  grass  does  not  grow  well  there,  but  as  they 
spread  further  out,  the  place  on  which  they  formerly 
stood  produces  a  luxuriant  crop  of  grass,  on  account  of 
the  extra  supply  of  nutritious  matter  formed  by  the  decay 
of  their  bodies.  Thus  poor  and  then  good  grass  follow 
one  another  on  the  same  zone  of  soil. 

Aijaricus  campextris  is  of  use  to  men,  but  a  few  of  its 
allies  are  the  dread  of  the  forester,  and  others  are  deadly 
poisonous.  It  may  be  remarked  in  passing,  however,  that 
the  majority  of  the  cap-fungi  are  not  poisonous,  and  that 
more  use  should  be  made  of  the  large  number  of  edible 
fungi  which  we  have  in  this  country.  Of  these  the 
Mushroom  is  the  only  one  under  cultivation.  Mushroom 
beds  are  well  known  to  gardeners,  and  it  is  not  an  un- 
common thing  now-a-days  to  find  a  range  of  darkened 
houses  specially  devoted  to  their  culture.  A  curious  use 
has  been  made  of  an  old  railway  tunnel — the  Scotland 
Street  Tunnel — in  Edinburgh.  The  visitor  to  this  exca- 
vation will  find  that,  in  place  of  railway  sleepers  and  lines, 
the  ground  is  occujiied  by  carefully  prepared  beds,  on 
which  arise  luxuriant  crops  of  the  favourite  Agaric. 
Although  m  great  request  in  this  country,  Berkeley, 
writing  upwards  of  thirty  years  ago,  states  that  it  is 
"  most  carefully  excluded  from  the  Italian  markets," 
owing  probably  to  occasional  poisoning  symptoms  that 
have  shown  themselves  after  its  consumption.  So  far  as 
we  know,  the  Mushroom  has  never  been  known  to  have 
exhibited  poisonous  properties  ia  this  country.  If  the 
Italians  are  correct,  we  have  a  good  example  of  the 
influence  on  a  plant  of  its  surroundings. 


CROCODILES   AND   ALLIGATORS. 

By  Pi.  Lvnf^KKER,  B. A. (Cantab. i 

IN  spite  of  the  circumstance  that  numerous  examples 
of  those  ungainly  reptiles  known  as  Crocodiles  and 
Alligators  are  exhibited  in  the  reptile  house  of  the 
Zoological  Society's  Gardens  in  a  living  condition, 
while  their  stufl:ed  skins  and  articulated  skeletons 
are  displayed  in  the  galleries  of  the  Natural  History 
Museum  at  South  Kensington,  there  appears  to  be  a  hope- 
less confusion  in  the  public  mind  between  these  two  very 
difl'erent  creatures.  And,  with  the  usual  perversity  of 
those  not  acquainted  with  the  ordinary  facts  of  natural 
history,  residents  in  India  increase  this  confusion  by  almost 
invariably  speaking  of  the  Crocodiles  of  that  country  as 
Alligators,  whereas  an  Alligator  is  not  to  be  found  from 
one  end  of  India  to  another.  A  remarkable  instance  of  this 
confusion  occurs  in  Sir  S.  Baker's  "  ^Ylld  Beasts  and  their 
Ways,"  where,  under  the  heading  of  Crocodile,  it  is  stated 
that,  "  as  lizards  are  found  distributed  in  great  varieties 
throughout  the  world,  in  like  manner  we  find  the  largest  of 
all  Uzards,  the  Crocodile,  under  various  names  in  nearly 
every  river  of  the  tropics.  In  America  this  reptile  is 
generally  known  as  an  Alligator,  and  some  persons  pre- 
tend to  define  the  peculiarity  which  distinguishes  that 
variety  from  the  Crocodile,  but  I  regard  the  distinction 
in  the  same  hght  as  that  between  the  leopard  and  the 
panther,  the  difference  existing  merely  in  a  name." 

Now,  in  the  first  place,  although  it  may  be  justifiable  in 
popular  language  to  use  the  term  lizard  as  applicable  to  all 
four-footed  reptiles  except  tortoises  and  turtles,  yet,  scien- 
tifically speaking,  a  Crocodile  has  not  the  slightest  right 


to  be  so  termed.  Indeed,  it  would  be  far  preferable  to 
speak  of  a  snake  as  a  kind  of  lizard,  since  it  is  really  only 
a  special  modification  of  the  lizard  stock  ;  and  from  a 
strictly  scientific  point  of  view  it  would  imply  far  less  con- 
fusion of  ideas  to  call  a  coNv  a  kind  of  pig  than  to  term  a 
Crocodile  a  lizard,  since  whereas  a  cow  and  a  pig  are 
mammals  belonging  to  the  same  section  of  a  single  order, 
lizards  and  Crocodiles  represent  two  totally  distinct  oitlete 
of  reptiles.  With  regard  to  the  statement  that  the  dif^ 
fereuce  between  a  Crocodile  and  an  Alligator  is  merely  one 
of  name,  the  reader  who  follows  us  through  this  article 
will  probably  hold  a  difl'erent  opinion  by  the  time  he  reaches 
the  end. 

So  far  as  external  appearance  goes,  most  people  are 
aware  that  Crocodiles  and  Alligators  are  large,  long-tailed, 
low-bodied  reptiles,  with  flat  and  frequently  broad  heads, 
and  their  bodies  protected  by  a  coat  of  scales,  which  vary 
greatly  in  size  in  its  difl'erent  regions.  They  probably  also 
know  that  it  is  the  impressions  of  these  scales,  or  of  the 
bony  scutes  by  which  those  of  the  back  are  underlain,  that 
form  the  well-known  markings  on  the  Crocodile-skin  now 
so  commonly  used  for  bags  and  other  leather  articles.  In 
their  short  and  clawed  limbs  there  are  five  toes  in  the 
front  pair,  and  four  in  the  hinder,  those  of  the  latter  being 
connected  together  for  a  part  of  their  length  by  a  web.  As 
regards  their  habits.  Crocodiles  and  Alligators  are  typical 
amphibioits  creatures,  being  perfectly  at  home  in  the  water, 
but  also  capable  of  active  progress  on  land,  on  which  their 
eggs  are  laid  and  the  young  hatched.  The  position  of 
then-  external  nostrils  at  the  very  tip  of  the  snout  enables 
them  to  come  to  the  surface  for  the  purpose  of  breathing 
without  showing  more  than  their  muzzle,  or,  at  most,  this 
and  their  somewhat  prominent  eyes.  These  external 
characters  will  enable  us  to  recognize  an  Alligator  or 
Crocodile  when  w-e  see  it,  and  yet  do  not  show  us  how 
these  creatures  difl'er  so  essentially  from  true  lizards  as  to 
render  it  incorrect  to  speak  of  them  merely  as  a  parti- 
cular group  ot  lizards.  To  render  this  essential  distinction 
apparent  we  must  enter  into  certain  details  of  their  ana- 
tomical structure,  more  especially  as  regards  the  skull. 
Now,  in  the  first  place,  a  Crocodile  or  Alligator  may  be 
at  once  distinguished  from  every  true  lizard  by  the 
circumstance  that  its  large  and  pointed  teeth  are  inserted 
in  the  jaws  in  distinct  and  separate  sockets,  from  which 
they  will  readily  fall  out  in  a  dried  skull :  whereas 
those  of  lizards,  which  vary  gi'eatly  in  form,  are  in- 
variably united  by  solid  bone  with  the  edges  or 
sides  of  the  jaws,  without  any  separate  sockets.  More- 
over, in  a  Crocodile's  shell,  there  is  a  bar  of  bone  running 
backwards  from  the  lower  border  of  the  eye-socket,  or 
orbit  (Fig.  1,  <>),  to  join  the  condyle  with  which  the 
lower  jaw  articulates.     This  bar  is  seen  in  Fig.  1,  below, 


Fig.  1. — Side  view  of  tKe  skull  of  a  Crocodile  ; 
O,  eye-socket  or  orbit. 

and  to  the  left  of  the  letter  O,  and  also  occupying  the 
same  relative  position  in  Fig.  8.  It  will  further  be 
apparent  fi-om  the  latter  figure  that  in  a  Crocodile's  skull 
there  are  two  parallel  bars  running  backwards  from  behind 
the  orbit,  of  which  the  upper  one  is  the  stoutest.  Now 
in  a  Uzard's  skuU,  only  the  uppermost  of  these  two  bars 
is  present ;  and  we  thus  have  a  second  important  distinc- 
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tion  between  a  Crocodile  and  a  lizard.  A  still  more  impor- 
tant difference  occurs,  however,  in  the  under  part  of  the 
skull.  Thus,  whereas  in  a  lizard  the  external  nostrils 
open  directly  through  the  palate  into  the  front  part 
of  the  mouth,  m  a  Crocodile  the  bones  of  the  palate 
develop  a  kind  of  flooring  beneath  its  roof,  and  thus  form 
a  closed  passage  by  wliich  the  internal  or  posterior  nostrils 
are  brought  to  the  very  hinder  extremity  of  the  skull. 
This  remarkable  peculiarity  is  well  exhibited  m  Fig.   2,  A, 


Fig.  2. — Lower  view  (A)  of  skull  without  the  lower 
jiiw,  and  (B)  upper  view  of  skull  with  lower  jaw  of 
a  Crocodile.  0,  orbit ;  T,  temporal  pit ;  P,  palatal 
vacuitv  ;   iV,  internal  nostrils. 

where  A'  indicates  the  internal  nostrils.  The  small  round 
aperture  seen  in  the  front  of  the  palate  in  both  A  and  B 
is  closed  during  life  with  membrane,  and  thus  prevents 
any  communication  between  the  external  nostrils  and  the 
front  of  the  mouth.  The  object  of  this  peculiar  arrange- 
ment is  to  enable  the  animal  to  breathe  when  its  mouth 
is  open  under  water,  and  the  nostrils  are  alone  in  the  air  ; 
this  being* effected  by  the  closing  of  the  back  of  the  mouth, 
in  front  of  the  internal  nostrils,  by  means  of  a  fold  of  skin, 
thus  leaving  a  free  communication  between  the  nostrils 
and  the  wind-pipe.  The  advantage  of  this  arrangement 
to  animals  which,  like  Crocodiles  and  Alligators,  kill  their 
prey  by  holding  them  under  water,  is  self-apparent. 

If  to  these  differences  between  the  skulls  and  teeth  of 
Crocodiles  and  lizards,  we  add  that,  whereas  in.  the  latter 
the  ribs  articulate  to  the  joints  of  the  back-bone  or 
vertebrae  by  means  of  little  knobs  on  the  sides  of  the 
vertebrie  themselves,  in  Crocodiles  they  join  the  summits 
of  long  horizontal  processes  of  bone  projecting  from  the 
upper  part  of  these  vertebrre,  we  think  we  shall  have 
said  enough  to  convince  our  readers  that  it  is  altogether 
incorrect  to  speak  of  ('rocodiles  and  Alligators  as  lizards. 
Crocodiles  are,  indeed,  first  cousins  of  those  extinct  reptiles 
which  were  described  in  a  previous  article  in  KNowLEnoK 
as  "  Giant  Land  Reptiles,"  and  they  ought,  therefore,  to 
be  regarded  with  respect  as  being  the  sole  existing, 
although  collateral,  representatives  of  that  great  group  of 
reptiles  which  dominated  the  earth  at  a  time  when 
mammals  were  only  just  beginning  their  career. 

Having  said  thus  much  as  to  the  distinctness  of  Croco- 
diles from  lizards,  we  may  proceed  to  consider  how  the 
former  differ  from  Alligators,  and  to  make  some  mention 
of  a  few  of  the  various  species  of  each.  Now  if  we  exiiminc 
the  skulls  of  the  ditferent  kinds  of  Crocodiles  we  shall  iiiid 
that  the  number  of  teeth  in  the  upper  jaw  varies  from  17 
to  19,  while  in  the  lower  jaw  there  are  invariably  15  ;  and 


we  shall  likewise  find  that  the  teeth  of  the  two  jaws  inter- 
lock with  one  another  when  the  mouth  is  closed. 
Moreover,  when  the  jaws  are  in  opposition  it  will  be 
observed  that  the  first  tooth  on  each  side  of  the  lower  jaw 
is  received  into  a  pit  in  the  palate  of  the  skull,  while  the 
fourth  lower  tooth,  which  (like  the  first)  is  larger  than  the- 
others,  bites  into  a  notch  in  the  side  of  the  skull  (as 
shown  in  Fig.  1),  and  is  thus  more  or  less  distinctly  visible 
externally  in  the  living  animal.  Crocodiles  are  now  found 
in  the  rivers  of  Africa,  India,  Burma,  Australia,  and 
America,  as  well  as  in  many  of  the  larger  islands  in  warm 
regions.  They  vary  greatly  in  regard  to  the  relative 
length  of  the  skull,  the  longest-snouted  species  occurring 
in  South  America  and  West  Africa,  while  those  of  India 
have  the  shortest  and  broadest  skulls  (Fig.  2).  On  the 
other  hand,  if  we  examine  the  skull  of  an  Alligator,  we 
shall  find  that  the  upper  teeth  bite  on  the  outer  side 
of  the  lower  ones  without  any  sort  of  interlocking,  and 
both  the  first  and  the  fourth  lower  teeth  are  receiveil  into 
pits  in  the  skull,  so  that  when  the  mouth  is  closed  both  of 
them  are  totally  invisible  from  the  outer  side.  Moreover, 
in  no  Alligator  does  the  number  of  lower  teeth  ever  fall 
short  of  17.  Again,  in  all  Alligators  the  skull  is  even 
broader  and  shorter  than  in  the  Indian  Crocodiles.  Till 
within  the  last  few  years  it  was  believed  (in  spite  of 
the  persistent  assertion  of  sportsmen,  that  the  Indian 
"  Magars,"  as  they  are  called  by  the  natives,  are  Alli- 
gators) that  Alligators  were  confined  to  the  New  World, 
but  recently  it  has  been  found  that  there  is  one  species  in 
China.  This  is,  indeed,  a  very  curious  instance  of  what 
is  known  as  discontinuous  distribution,  and  one  which 
only  finds  a  complete  parallel  in  the  case  of  the  tapirs,  of 
which  there  is  one  species  inhabiting  the  Malay  peninsula 
and  adjacent  islands,  while  all  the  others  are  restricted  to 
South  America.  There  are  several  species  of  -Alligators, 
which  are  divided  into  two  groups,  according  as  to  whether 
an  armour  of  bony  plates,  or  scutes,  is  or  is  not  developed 
on  the  under  surface  of  the  body.  In  the  true  Alligators, 
which  agree  with  all  living  Crocodilians  in  having  a  dorsal 
armour  of  these  bony  scutes,  the  namber  of  upper  teeth 
varies  from  17  to  20,  and  that  of  the  lower  from  18  to  20, 
while  there  is  no  bony  armour  on  the  imder  surface  of  the 
body.  The  two  well-known  species  are  the  Mississippi  and 
the  Chinese  Alligator,, in  addition  to  which  there  is  a  third 
American  form  of  which  the  exact  habitat  is  unknown.  The 
second  group  of  Alligators,  or  Caimans,  as  they  are  called 
in  Brazil,  is  confined  to  South  America,  where  it  is 
represented  by  five  species.  These  are  characterized  by 
having  fi-om  18  to  20  upper,  and  from  17  to  22  lower  teeth 
on  each  side,  and  also  by  having  the  lower  surface  of  the 
body  protected  by  a  shield  of  bony  scutes,  which  overlap 
one  another  like  the  tiles  on  a  roof,  and  each  of  which  is 
composed  of  two  separate  pieces  united  together  by  what 
is  known  as  a  sutural  union. 

The  above,  then,  are  the  chief  difterences  which  distin- 
guish Alligators  and  Caimans  from  Crocodiles,  and  they 
are  such  as  surely  do  not  justify  the  statement  that 
naturalists  merely  pretend  to  distinguish  between  the 
two.  Alligators  and  Crocodiles  do  not,  however,  exhaust 
the  list  of  living  Crocodilians,  since  we  have  two  peculiar 
species  diftering  from  all  the  others  by  the  great  length  of 
their  snouts,  and  respectively  inhabiting  the  Gauges  and 
the  rivers  of  Borneo — the  former  being  known  as  the 
Gharial,  and  the  latter  as  Schlegel's  Gharial.  In  both  of 
these  reptiles  the  numerous  teeth  are  long  and  slender, 
and  dilYer  from  one  another  but  little  in  size  in  ditferent 
parts  of  the  jaw,  while  neither  of  them  have  an  armour  on 
the  lower  surface  of  the  body.  They  dift'er  from  Crocodiles 
and  Alligators  in  feeding  chiefiy  on  fish. 
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In  regard  to  their  geological  distribution,  Crocodilians 
more  or  less  closely  allied  to  the  existing  Gharials,  Croco- 
diles, and  Alligators,  are  found  throughout  the  rocks  of  the 
Tertiary  period  as  far  down  as  the  London  clay.  Some  of 
these  extinct  species  were,  however,  of  gigantic  dimensions  ; 
one  from  the  Siwalik  Hills  of  India,  which  was  allied  to 
the  Gharial,  attaining  a  length  of  between  50  and  60  feet, 
and  tlms  presenting  a  great  contrast  to  living  Crocodiles, 
which  rarely  exceed  a  length  of  some  22  or  23  feet. 
Another  species  found  in  the  Tertiary  clays  of  Hampshire 
presents  characters  intermediate  between  Crocodiles  and 
Alligators,  the  fourth  lower  tooth  being  usually  received 
into  a  pit  in  the  skull,  but  the  under  surface  of  the  body 
ha\ang  a  complete  bony  armour  like  that  of  the  Caimans. 
This  genus  [Dijilini/iiorln)!)  differs  from  both  Crocodiles 
and  Alligators  in  that  both  the  third  and  fourth  lower 
teeth  are  larger  than  the  adjacent  ones,  so  that  the  animal 
had  two  powerful  tusks  in  the  sides  of  the  lower  jaw. 

A  few  Crocodilians,  more  or  less  closely  allied  to  existing 
types,  also  occur  in  the  Cretaceous  rocks,  but  when  we 
reach  the  Wealden  and  .Jurassic  strata  nearly  all  the  forms 
difi'er  very  markedly  h-oni  modern  times,  and  sliow  a  lower 
stage  of  development.  Before,  however,  we  are  in  a 
position  to  understand  how  these  early  Crocodilians  differ 
from  their  living  cousins,  we  must  enter  a  little  more  fully 
into  the  anatomy  of  the  latter.  Turning  once  more  to 
Fig.  2,  we  see  that  the  passage  leading  to  the  internal 
nostrils  is  formed  by  four  pairs  of  bones,  on  the  fourth  of 
which  the  letter  A'  is  placed.  Again,  in  all  Uving  Croco- 
dilians the  vertebra  articulate  with  one  another  by  a  ball- 
and-socket  joint,  of  which  the  socket  is  situated  at  the 
front  of  each  vertebra  ;  this  mode  of  articulation  being 
the  best  adapted  to  give  fi'ee  motion  of  one  vertebra  upon 
the  other.  The  third  pomt  we  have  to  notice  relates  to  the 
bony  armour  of  liWng  Crocodilians,  in  all  of  which  the 
pitted  scutes  forming  the  shield  on  the  back  are  ridged, 
and  arranged  in  from  four  to  eight  longitudinal  rows. 
Moreover,  m  the  Caimans  and  the  extinct  Diptoci/noflon,  the 
shield  on  the  under  surface  of  the  body  forms  a  single 
mass,  made  up  of  more  than  eight  longitudinal  rows  of 
scutes,  each  of  which,  as  already  mentioned,  consists  of 
two  separate  pieces  united  together  by  suture. 

If  we  now  contrast  these  features  with  those  obtaining  in 
the  Jurassic  Crocodilians,  we  shall  find  very  considerable 
differences.  Thus  in  the  skull  of  those  reptiles  the  fourth  pair 
of  bones  on  the  palate  did  not  meet  in  the  middle  line  below 
the  passage  to  the  nostrils,  so  that  the  internal  nostrils  were 
placed  immediately  behind,  or  sometimes  partly  between, 
the  bones  lying  between  /'/'  in  Fig.  2,  and  were  thus  much 
forwarder  than  in  modern  Crocodilians.  Then,  again,  the 
vertebra  were  slightly  cupped  at  both  ends,  thus  admitting 
of  much  less  motion  between  one  another.  The  armour 
on  the  back  of  the  body  is  of  a  simpler  type,  consisting 
only  of  two  longitudinal  rows  of  scutes,  which  lack  the 
longitudinal  ridges  so  characteristic  of  those  of  the  existing 
forms.  On  the  other  hand,  the  armour  on  the  under  surface 
was  nearly  always  present  and  more  developed,  frequently 
consisting  of  two  distinct  portions,  in  the  foremost  of  which 
the  scutes  (which  consisted  of  a  single  piece)  overlapped  Uke 
slates,  while  in  the  hinder  part  they  were  joined  by  their 
edges  to  form  a  solid  pavement  of  bone. 

Like  their  modern  cousins,  the  Secondary  Crocodilians 
included  both  long-snouted  (Fig.  3)  and  short-snouted  types, 
the  former  being  the  more  common  and  especially  abundant 
in  the  Lias,  where  their  remains  occur  in  company  with 
those  of  Fish-Lizards  and  Plesiosam-s.  In  many  of  these 
forms  the  pit  (T)  in  the  temporal  region  of  the  skull  was 
larger  than  the  socket  of  the  eye,  whereas  in  recent  Croco- 
diles it  is  much  smaller  (Fig.  2),  and  in  the  Alligators  may  i 


even  disappear.     A  large  number  of  these  Jurassic  forms 
were  of  marine  habits,  and  a  few  of  them  attained  enormous 


Kir,.  :{.    -Side  view  of  tlje  skuU  of  an  extinct  Crocodilian  of  the 
l.i;i<;    one-fourtli  tlie  natui"!!!  size,      [jetter?*  as  in  Fig.  1, 

dimensions,  the  length  of  the  skull  of  one  species  falling  not 
much  short  of  five  feet.  A  few  species  are  further  peeuUar 
in  having  altogether  discarded  their  bony  armour  on  both 
surfaces  of  the  body. 

Looking  at  Crocodilians  as  a  whole,  it  is  perfectly  e\ident 
that  they  have  advanced  in  complexity  of  organization  with 
the  advance  of  time,  the  backwardly  placed  internal  nostrils 
and  ball-and-socket  vertebrfe  of  the  modern  types  being 
clearly  an  advance  on  the  Jurassic  forms.  As,  however,  is 
the  case  in  many  similar  instances,  the  gradual  backward 
shifting  of  the  internal  nostrils  presents  a  problem  difficult 
to  understand,  as  it  is  hard  to  conceive  what  advantage 
the  species  in  which  these  nostrils  were  situated  in  the 
middle  of  the  palate  had  gained  over  reptiles  in  which 
they  were  placed  near  the  muzzle,  the  completely  backward 
position  being  apparently  essential  in  order  that  the  mouth 
might  be  kept  open  under  water. 

With  regard  to  the  general  disappearance  of  the  inferior 
body-armour  and  the  invariably  increased  development  of 
that  on  the  back  of  the  recent  forms,  it  may  be  suggested 
that,  as  most  of  the  Jurassic  Crocodilians  were  of  marine 
habits,  and  probably  swam  far  out  to  sea,  it  would  have 
been  highly  advantageous  for  them  to  have  the  lower  sur- 
face of  the  body  protected  from  attacks  from  below  by 
sharks  and  other  creatures.  On  the  other  hand,  since 
modern  Crocodiles  and  Alligators  spend  a  considerable 
portion  of  their  time  on  the  banks  of  rivers,  and  when  in 
the  water  are  in  the  habit  of  reposing  or  crawling  on  the 
bottom,  it  is  obvious  that  the  back  is  the  portion  which 
requires  especial  protection.  An  explanation  of  the  exis- 
tence of  an  armour  on  the  lower  surface  of  the  body  in  the 
Caimans  is  less  easy  to  give,  although  it  may  be  merely  an 
instance  of  the  retention  of  an  ancestral  character. 

We  may  conclude  this  account  by  referring  to  some 
interesting  observations  recently  made  by  Dr.  Voeltzkow 
on  the  eggs  and  embryos  of  the  Crocodile  of  the  Nile. 
It  appears  that  in  Madagascar  the  egg-laying  lasts  from 
the  end  of  August  to  the  end  of  September,  the  number  of 
eggs  in  a  nest  varying  from  twenty  to  thirty.  The  nest  is 
dug  about  two  feet  deep  in  the  dry  white  sand  ;  the  bases 
of  its  walls  are  gouged  out,  and  into  the  lateral  excavations 
thus  formed  the  eggs  roU  from  the  slightly  raised  centre 
of  the  floor  of  the  nest.  Externally  the  nest  is  not  dis- 
cernible, but  the  parent  sleeps  upon  it.  The  eggs  differ 
greatly  in  form  ;  the  shell  is  white,  thick,  firm,  and  either 
rough  or  smooth,  the  double  sheU-membrane  being  so 
strong  that  the  egg  keeps  its  form  after  the  shell  has  been 
removed.  When  newly  laid  the  eggs  are  very  sensitive, 
and  are  readily  killed  by  damp  or  by  heat,  but  the  older 
eggs  are  hardy.  When  the  young  embryos  are  about  to 
be  hatched,  they  utter  distinct  notes,  which  the  mother 
hears,  even  through  two  feet  of  sand,  and  proceeds  to  dig 
open  the  nest.  Before  hatching  the  embryo  turns,  and  in 
so  doing  partially  tears  the  foetal  membranes.  With  the 
tip  of  its  snout  turned  to  one  end  of  the  egg,  the  young 
animal  bores  through  the  shell  with  a  double-pointed  tooth 
comparable  to  that  which  young  birds  possess.  This  tooth 
appears  very  early — by  the  time  the  embryo  is  sis   weeks 
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or  two  months  old — and  maj'  still  be  seen  a  fortnight 
after  hatching.  Through  the  small  perforation  made  by 
this  tooth  the  fluid  flows  out,  softening  the  adjacent  parts, 
so  that  the  aperture  is  widened  into  a  cleft.  The  process 
of  creeping  out  may  take  about  two  hours.  The  young 
animal  seems  large  in  comparison  with  the  egg ;  one 
measuring  28  cm.  in  length  came  out  of  an  egg  8  cm.  long 
and  5  cm.  broad.  The  young  Crocodiles  are  wild  little 
animals,  and  are  led  to  the  water  by  the  mother.  They 
utter  sounds,  especially  when  hungry,  but  the  pitch  of 
their  call  is  not  so  high  as  it  was  when  they  were  within 
the  egg. 


ON    THE    MASS    AND    BRIGHTNESS    OF 
BINARY    STARS. 

By   J.    E.    GoKE,    F.R.A.S. 

THE  orbit  of  a  binary  star  having  been  computed, 
and  its  distance  from  the  earth  determined,  it  is 
easy  to  calculate  the  combined  mass  of  the  com- 
ponents m  terms  of  the  Sun's  mass.  We  can  also 
compare  the  brightness  of  the  star  with  that  of 
the  Sun,  for  as  the  brightness  decreases  as  the  square  of 
the  distance,  we  can  compute  how  much  the  Sun's  light 
would  he  reduced  if  removed  to  the  distance  of  the  star. 
Photometric  comparisons  have  shown  that  the  Sun's  stellar 
magnitude  is  about  — 25-5,  on  a  scale  of  which  the  "  light 
ratio  "  is  2-512.  In  other  words,  the  Sun  is  25|  magni- 
tudes brighter  than  a  star  of  the  zero  magnitude,  or  26| 
magnitudes  brighter  than  an  average  star  of  the  first 
magnitude,  like  Altair  or  Spica.  The  parallax  of  some  of 
the  binary  stars  has  been  ascertained,  and  although  the 
results  found  are  perhaps  in  some  cases  of  rather  doubtful 
value,  an  examination  of  the  mass  and  brightness  indicated 
by  the  most  careful  measures  of  the  distance  may  prove  of 
interest  to  the  reader. 

We  will  take  the  stars  in  order  of  right  ascension  : — 

1.  1]  Cassiopeife. — For  this  well-known  binary  star  a 
parallax  of  0  3743"  has  been  found  by  Schweizer  and 
Socoloff.  Several  orbits  have  been  computed,  none  of  which 
are  quite  satisfactory,  but  assuming  Griiber's  jjeriod  of 
195'235  years,  and  semi-axis  major  of  8-639",  I  find 
the  mass  of  the  system  equal  to  0-32  of  the  Sun's  mass. 
The  star  was  measured  3-41  magnitude,  with  the  photo- 
meter at  Oxford,  and  3-64  at  Harvard.  \\'e  may,  therefore, 
assume  its  magnitude  at  3-.5.  Taking  the  Sun's  stellar 
magnitude  at  — 25-5,  I  find  that  if  placed  at  the  distance 
indicated  by  the  above  parallax  the  Sun  would  be  reduced 
to  a  star  of  magnitude  3-2,  or  only  slightly  brighter  than 
r;  CassiopeiiE.  As  the  companion  is  only  7i  magnitude, 
it  will  not  appreciably  affect  the  light  of  the  star,  and  as 
the  spectrum  is  of  the  second  or  solar  type,  it  should  be 
fairly  comparable  with  the  Sun.  If  the  mass  were  equal 
to  that  of  the  Sun,  the  parallax  would  be  0-256",  and  at 
this  distance  the  Sun  would  be  reduced  to  a  4tli  magnitude 
.star.  Struve  found  a  parallax  of  0-154".  Its  compara- 
tively large  proper  motion  of  about  1-2"  per  annum  would 
indicate  a  comparative  proximity  to  our  system. 

2.  40  Eridani. — The  binary  companion  of  this  triple 
star  is  of  about  the  9th  magnitude,  and  is  probably 
l>hysically  connected  with  the  bright  star,  as  all  three 
have  a  common  proper  motion.  A  parallax  of  0-223"  has 
been  found  by  Professor  Asaph  Hall.  This,  combined  with 
the  orbit  computed  for  the  binary  pair  by  the  present 
writer,  gives  a  mass  equal  to  tlie  Sun's  mass — a  result 
which  is  remarkable,  for  the  Sun,  placed  at  the  distance 
indicated  by  the  parallax,  would  shine  as  a  star  of  4-3 
magnitude,  or  about  the  brightness  of  the  principal  star 


of  40  Eridani.  This  result  implies  that  the  Sun  is  about 
70  times  brighter  than  the  binary  pair.  Owing  to  the 
faintness  of  the  binary  star,  the  character  of  its  spectrum 
has  not  been  determined.  Computed  by  a  well-known 
formula,  its  "  relative  brightness  "  is  very  small,  but  only 
one  orbit  has  yet  been  computed,  and  this  will  require 
revision  when  furthur  measures  are  available.  The  proper 
motion  of  the  system  is  very  large,  about  4-1"  per  annum. 

3.  Sirius.  —  The  great  brilliancy  of  this  .star  —  the 
brightest  in  the  heavens — naturally  suggests  a  sun  of  great 
size.  Recent  investigations  do  not,  however,  favour  this 
idea.  Assuming  a  parallax  of  0-39"  (about  a  mean  of  the 
results  found  by  Elkin  and  Gill)  and  the  elements  of  the 
orbit  computed  by  the  writer,  the  mass  of  the  system  would 
be  3-114  times  the  mass  of  the  Sun.  Placed  at  the  dis- 
tance of  Sirius  the  Sun  would  be  reduced  to  a  star  of  3-1 
magnitude.  As  Sirius  is  about  one  magnitude  brighter 
than  the  zero  magnitude,  it  follows  that  it  is  about  four 
magnitudes,  or  about  forty  times  brighter  than  the  Sun 
would  be  in  the  same  position.  Were  it  of  the  same 
density  and  brightness  as  the  Sun,  the  mass  found  above 
would  indicate  that  its  diameter  should  be  1-4G8  the  solar 
diameter,  and  its  brightness  2-1324  the  solar  brightness. 
The  spectrum  is,  however,  of  the  first  type,  and  the  star  is, 
therefore,  not  comparable  with  the  Sun  in  briUiancy.  The 
result  would  indicate  that  stars  of  the  first,  or  Sirian  type, 
are  intrinsically  brighter  than  the  Sun. " 

4.  Castor.  —  Assuming  a  parallax  of  0-198"  found  by 
Johnson,  and  a  period  of  1001-21  years  found  by  Doberck 
(«  =  7'43"),  I  find  the  sum  of  the  masses  of  the  components 
of  Castor  only  0-052092  of  the  Sun's  mass,  a  result  which 
would  imply  that  the  components  are  gaseous  masses. 
Johnson's  parallax  is,  however,  of  doubtfiU  value.  Placed 
at  the  distance  indicated,  the  Sun  would  be  reduced  to  a 
star  of  4-5  magnitude.  The  magnitude  of  Castor  is  about 
1-55,  so  that  it  is  (according  to  the  assumed  parallax)  about 
three  magnitudes,  or  about  sixteen  times  brighter  than  the 
Sun  would  be  in  the  same  position.  The  spectrum  is  of 
the  first  type,  another  example  of  the  great  brightness  of 
the  stars  of  this  type.  According  to  a  well-known  formula, 
the  "  relative  brightness  "  of  Castor  is  thu-ty-eight  times 
that  of  the  binary  star,  t  Ursie  Majoris,  taken  as  a  standard. 
The  latter  star  has  a  spectrum  of  the  second  type. 

5  a.  Centauri.  This  famous  star,  the  nearest  of  all  the 
stars  to  the  earth,  as  far  as  is  at  present  known,  forms  an 
object  of  especial  interest,  particularly  as  its  spectrum 
is,  according  to  Professor  Pickering,  of  the  second  or  solar 
type,  although  with  some  peculiarity.  Combining  Dr. 
Gill's  parallax  of  0-76"  with  Dowuing's  elements  of  the 
orbit  (P  =  7C-222  years,  ((  =  17-33"),  I  find  that  the  mass  of 
the  system  is  2-04  times  the  mass  of  the  Sun.  Placed  at 
the  distance  of  a  Centauri  the  Sun  would  be  reduced^o  a 
star  of  about  1-7  magnitude,  or  about  one  magnitude  fainter 
than  the  star  appears  to  us.  This  would  indicate  that 
a  Centauri  is  about  two  and  a  half  times  brighter  than  the 
Sim,  and  its  mass  (if  of  the  same  density)  about  four  times 
the  solar  mass.  As,  however,  there  is  something  peculiar 
about  the  spectrum,  the  density  and  intrinsic  brightness  of 
c.  Centauri  may  be  somewhat  difi'erent  fi-oin  that  of  the  Sun. 

6.  70  Ophiuchi.  This  is  another  star  wliich  is  fairly 
comparable  with  the  Sun.  as  its  spectrum  is  of  the  solar 
type,  according  to  Yogel.  The  orbit  found  by  the  present 
writer  (P=87-84  years,  n  =  4-50"),  combined  with  Kriiger's 
parallax  of  0-102",  gives  for  the  combined  mass  of  the  com- 
ponents 2-777  times  the  mass  of  the  Sun.  The  star  was 
measured  4-11  magnitude  with  the  photometer  at  Harvard 
Observatory.     Placed   at   the   distance   indicated  by   the 

*  Or  that  they  are  of  less  density  than  our  Sun. — A.  C.  Rantabd. 
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parallax,  the  Suu  would  be  reduced  to  5-0  magnitude. 
This  would  make  70  Ophiuchi  about  2-27  times  the  bright- 
ness of  the  Sun.  Accordint;  to  Dembowsld  there  is  a 
difference  of  1  -7  magnitude  between  the  components.  If 
we  assume  that  each  has  the  same  density  as  the  Sun,  I 
find  that  the  combined  mass  of  the  two  stars  would  be 
2-82.5  times  the  solar  mass,  which  agrees  closely  with  the 
result  found  fi-om  the  orbit.  We  may,  therefore,  conclude 
that  Kriiger's  parallax  for  this  star  is  not  far  from  the  truth. 
The  diameters  of  the  components  would  be  about  l,188,OU0 
miles,  and  5-12,000  miles,  and  the  distance  between  them 
27'77  times  the  Sun's  distance  from  the  earth,  or  some- 
what less  than  the  distance  of  Neptune  from  the  Sun. 

7.  85  Pegasi. — For  this  binary  pair,  a  somewhat 
doubtfvd  paraUax  of  0-054".  found  by  Briinnow,  combined 
with  Schaeberle's  elements  of  the  orbit  (P=22-3  years, 
«=0-9G"),  gives  a  mass  of  11-3  times  the  Sun's  mass. 
Placed  at  the  distance  indicated,  the  Sun  would  be  reduced 
to  a  star  of  7-41  magnitude.  85  Pegasi  was  measured 
5-83  magnitude  with  the  photometer  at  Harvard,  so  that 
the  star  is  1-58  magnitude,  or  4-286  times  brighter  than 
the  Sun  would  be  at  the  same  distance.  If  of  the  same 
density,  its  mass  would,  therefore,  be  8-872  times  the  solar 
mass,  a  result  not  differing  very  widely  from  that  found 
from  the  orbit.  As,  however,  I  have  no  information  of  the 
character  of  the  star's  spectrum,  I  cannot  say  whether  or 
not  it  is  comparable  with  the  Sun. 

It  seems  to  be  stiU  very  doubtful  whether  61  C'ygni  is 
really  a  binary  star,  but  assuming  a  parallax  of  0-45",  and 
the  star's  magnitude  at  5-11,  as  measured  at  Harvard,  I 
find  that  the  Sun  is  about  8-39  times  as  bright  as  61  Cygni, 
and  its  mass,  therefore,  considerably  greater.  The  star 
has,  according  to  Professor  Pickering,  a  peculiar  spectrum  of 
the  solar  type. 

Let  us  now  consider  the  close  binary  stars  recently 
discovered  with  the  spectroscope,  and  which  are  known  as 
-•  spectroscopic  binaries.''  With  reference  to  Algol,  which 
may  be  considered  as  a  binary  pair,  in  which  one  of  the 
components  is  a  dark  body.  Professor  ^'ogel  finds  that  the 
combined  mass  of  the  system  is  about  two-thirds  of  the 
Sun's  mass.  From  the  dimensions  he  gives  for  the  com- 
ponents, I  find  that  their  mean  density  is  about  one-third 
that  of  water,  so  that  they  are  probably  gaseous  bodies. 
As  the  paraUax  of  this  star  has  not  yet  been  determined, 
we  cannot  say  what  the  Sun's  magnitude  would  be  if 
placed  at  the  star's  distance,  but  as  the  spectrum  of  Algol 
is  of  the  first  or  Sirian  type,  we  may  conclude  that  it  is 
bright  in  proportion  to  its  mass. 

For  ^  Urs«  Majoris  (Mizar)  Professor  Pickering  finds  a 
mass  eqiTal  to  forty  times  the  mass  of  the  Sun.  KlinixerfiTes 
foimd  a  parallax  of  about  U-Ol-")''  for  this  star.  At  this 
dist-ance  the  Suu  would  be  reduced  to  a  star  of  only  7*8 
magnitude.  The  Harvard  measure  of  t,  Uraae  is  2-38.  It 
is  therefore  5-42  magnitudes,  or  147  times  brighter  than 
the  Sun  would  be  at  the  same  distance.  It  should  there- 
fore be,  if  of  the  same  densit}-,  1787  times  the  mass  of  the 
Sun.  But  the  spectrum  is  of  the  first  type,  and  the  star  is 
therefore  not  comparable  with  the  Sun  in  its  physical 
constitution.  We  have  here  another  example  of  great 
brightness  in  proportion  to  mass. 

P  Aurigfe  was  discovered  to  be  a  close  binary  with  the 
spectroscope  at  Harvard  Observatory,  and  the  discovery 
has  been  fully  confirmed  by  the  observations  of  Professor 
Vogel  at  Potsdam.  The  period  is  about  four  days,  and  the 
distance  between  the  components  about  16  millions  of 
miles.  From  these  data  I  find  that  the  mass  of  the 
system  is  about  five  times  the  mass  of  the  Sim.  Eeceut 
photographic  measurements  by  Professor  Pritchard  at 
Oxford   have  yielded  a   parallax   of  0-059"   and   0-065" 


(ohserrntori/,  .June,  1891).  Taking  a  mean  of  these  results, 
or  0-002",  we  have  the  Sun  reduced  to  7*17  magnitude  if 
placed  at  the  distance  of  the  star.  /?  Aurigfe  was  measured 
1-94  magnitude  at  Oxford  and  2-07  at  Harvard.  We 
may  therefore  assume  its  magnitude  at  2-00.  This 
gives  a  dift'erenee  of  5-17  magnitudes  between  the  light  of 
the  Sun  and  that  of  /i  Aurigie.  In  other  words,  /S  Auriga- 
is  117  times  brighter  than  the  Sun  would  be  if  placed  in 
the  same  jjosition.  If  therefore  of  the  same  intrinsic 
brightness  of  surface  its  diameter  would  be  10-8  times  the 
diameter  of  the  Sun,  and  its  volume  1265  times  the  Sun's 
volume.  We  see,  therefore,  that — like  Sirius — this  star  is 
very  much  brighter  than  the  Sun  in  proportion  to  its  mass. 
As  the  spectrum  of  3  Aurigse  is  of  the  first  or  Sirian 
type,  we  have  here  another  example  of  great  brilliancy  in 
proportion  to  mass,  a  feature  which  seems  characteristic  of 
all  stars  of  the  Sirian  type. 

Spica. — The  spectroscopic  observations  of  this  bright 
star  indicate  a  mass  of  about  two  and  a  half  times  the 
mass  of  the  Sun.  The  parallax  has  not  yet  been  well 
determined  (Briosehi  found  a  negative  parallax),  but 
judging  from  its  small  proper  motion,  the  star's  distance  is 
probably  very  great.  As  it  is  a  standard  star  of  first 
magnitude,  its  brightness  would  seem  to  be  enormous  in 
proportion  to  its  mass,  and  here  again  we  have  a  spectrum 
of  the  Sirian  tj'pe. 

We  may  therefore  conclude  that  binary  stars  with 
spectra  of  the  first  type — and  probably  all  stars  of  this 
type — are  very  bright  in  proportion  to  their  mass,  while 
those  showing  spectra  of  the  second  or  solar  tjrpe  are 
intrinsically  much  less  luminous  and  have  a  brightness 
approximately  propqrtioual  to  their  mass. 


[Many  of  the  parallaxes  made  use  of  by  Mr.  Gore  in 
these  calculations  are  no  doubt  extremely  doubtful.  But 
in  such  an  enqufr}',  even  the  roughest  estimates  ai-e  of 
value.  The  evidence  collected  tends  to  indicate  that  stars 
of  the  Sirian  type  are  either  less  dense  than  the  Sun — that 
is,  that  they  are  in  an  earher  stage  of  condensation — or 
that  their  photospheres  are  more  brilliant,  area  for  area, 
than  the  solar  photosphere. — A.  C.  Rany.vrd.] 


Hcttcrs. 

[The   Editor   does  not  hold  himself  responsible  for  the  opinions    or 
statements  of  correspondents.] 


PERMUTATIONS  AXD  COlIBrXATIOXS. 
To  the  F.ditor  of  Knowledge. 
Dear  Sir, — It  has  occurred  to  me  that  the  solution  of 
interesting  questions  concerning  the  number  of  possible 
changes  or  permutations  in  the  arrangement  of  things  is 
often  rendered  impossible  to  most  persons  in  consequence 
of  the  great  labour  involved  in  the  mere  arithmetical  pro- 
cess of  computation.  I  am  quite  aware  that  the  higher 
mathematics  has  furnished  us  with  a  formula,  including 
functions  of  tx  and  c,  by  means  of  which  the  factorials  of 
high  numbers  are  obtainable  -n-ith  as  great  a  degree  of 
exactness  as  the  use  of  logarithms  will  afford  ;  but,  when 
very  great  numbers  are  under  consideration  we  never  want 
exactness — nor  could  we  obtain  it  if  we  did.  Some 
numbers  are  so  bewilderingly  vast  that  it  would  tak.- 
years  even  to  write  them  down  in  figures  ;  such  numbers 
can  only  be  apprehended  by  means  of  their  logarithms, 
or,  which  comes  to  the  same  thing,  by  the  statement  how 
many  figures  they  take.  The  same  thing  apphes,  though 
in  a  less  degree,  to  numbers  not  quite  so  enormous.    When 
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we  are  told  a  certain  number  of  things  can  be  arranged  in 
more  than  a  decillion  of  ways,  or,  in  mathematical  lan- 
guage, that  the  factorial  of  a  certain  number  is  upwards 
of  a"  decillion,  our  curiosity  is  equally  satisfied  m  being 
told  that  the  number  would  take  more  than  (;0  figures  to 
write  it  down  ;  which,  again,  is  the  same  thing  as  saying 
that  its  logarithm  is  greater  than  60.  Such  being  so, 
all  we  really  require  in  these  cases  is  a  simple  formula,  by 
means  of  which  we  can  obtain  the  integral  part  of  the 
logarithm — the  error  being  only  in  the  fractional  part. 

Such  a  formula  I  think  I  have  discovered,  but  whether 
already  known  I  cannot  say.  It  may  briefly  be  stated 
thus  :— That  the  factorial  of  any  number  n  is  approxi- 
mately, in  the  above  manner,  equal  to 

(•37  »  +  l)" 
This  formula  may  be  used,  say  from  IS  to  (i.oO. 

To  show  that  this  is  really  the  case,  I  give  below  the 
logarithms  of  a  few  factorials,  together  with  those  of 
the  corresponding  values  by  the  formula. 

Niuuber.  Loij.  of  Factorial.      Lo,t;.  of  Foriuu 

13                         9-79  9-9:5 

10                         1.3-32  13-i2 

21                         19-71  19-80 

40                       47-91  47-95 

81                      120-7(i  120-77 

100                     l.")7-97  ]o7VX 

(il4-49  ()l4-77 

140810  14<J8-98 


Dill". 
014 
0-10 
009 
004 
001 
0-01 


300 
600 


0-88 


When  the  factorials  of  members  (ireatcr  than  6.50  are 
required,  it  is  better  to  substitute  -368  for  -37  in  the 
formula.     This  will  give  a  more  extended  range  ;  thus — 


>fumber. 

Log.  of  Factorial.     C 

alculated  witb  -368. 

Diff. 

1000 

2567-60 

2567-03 

-0.57 

1100 

2869-73 

286914 

0-59 

1500 

4114-68 

4114-09 

—0-59 

5000 

16325-58 

1 6325-27 

^31 

7500 

2580809 

25808-00 

--009 

9000 

31681-91 

31li8r99 

4-008 

10,000 

35659-45 

35659-66 

rO-21 

11.000 

3968050 

3il6SO  S3 

+  0  33 

Between  15,000  and  20,000  the  error  commences  to 
extend  into  the  characteristic  or  integral  part  of  the 
logarithm.  Accordingly,  if  the  same  nearness  is  required 
for  still  greater  numbers,  another  fraction  would  have  to 
be  substituted  for  -368.  -But  for  most  purposes  I  should 
imagine  that  either  -37  or  -SOS  will  serve. 

T.    S.  B.\RRETT. 

[Mr.  Barrett's  useful  formula  will  be  more  readily  remem- 
berfid  by  observing  that  it  approximates,  when  n  becomes 
very  great,  to  (^-1-1)".  This  may  be  easily  proved  from 
De  Morgan's  formula'''  for  1x2x3  x  .  .  .  up  to  n — 
|)i  =  ^/(2  7r  h;  h"  ^  ~"+  ^li  -  3,'io ,:?,  + — A.  C.  llANy.-iKD.] 

ON    TIIH     RICD    STARS    XICAR     TIIK     CVC'rXLS    NEBULA, 
DETEt'TKl)    HV   DR.    WOLF. 

To  tlic  Kditor  of  Knowledge. 

Sir, — The  very  remarkable  photographs  of  Dr.  Max 
Wolf  of  the  region  about  a  Cygui,  showing  a  large  mass 
of  nebulous  light,  and  your  interesting  article  published 
in  the  October  number  of  KNowLumii;,  led  me  to  compare 
the  photographs  with  the  charts  of  Argelander.  Any  red 
star  would  at  once  bo  recognizable,  on  account  of  the 
difference  between  its  actinic  light  and  its  brightness  as 
seen  with  the  eye.  All  stars  showing  any  such  difi'erenco 
were  marked  on  the  charts,  and  subsequently  examined 
with  the  telescope.     The  region  is  not  abnormally  rich  in 

*  .SVff  \)e  Morgan's  "  Uifferentinl  Ciilcvilus,"  p.  312. 


known  red  stars.  Only  three  fourth-type  stars  have 
hitherto  been  detected  in  this  region  ;  two  others  are 
suspected  to  be  of  type  IV.  The  red  region  of  Cygnus  lies 
somewhat  to  the  south  of  the  x  Cygni  photograph,  and  all 
the  Wolf-Rayet  stars,  save  one,  arc  also  to  the  south.  The 
telescope  used  was  a  17J-inch  reflector,  with  a  power  of  70. 
and  where  there  was  sufficient  light  the  stars  were 
examined  with  the  spectroscope,  but  no  new  fourth-type 
stars  were  detected,  though  several  new  third-type  stars 
were  discovered.  The  work  was  carried  on  during  the 
evenings  of  September  9th,  10th,  29th,  October  1st,  2nd. 
3rd,  after  I  had  first  seen  a  print  of  Dr.  Wolf's  photograph 
lent  me  by  Mr.  Ranyard,  and  in  all  1.59  stars  were 
examined.  The  classification  by  colour  is  the  same  as 
that  used  throughout  the  "Red  Star  Catalogue."  The 
following  red  stars  were  detected  : — 

Red  and  orange  red  23 

Pale  orange  red  38 

Slightly  tinged  with  red  36     Total  97 

The  remaining  stars  show  nothing  of  interest,  being 
usually  fainter  than  the  9-5  magnitude  of  Argelander. 
Nine  stars,  however,  are  now  only  of  the  11-0  magnitude, 
or  less,  and  several,  if  not  all,  will  probably  turn  out  to  be 
variable.  The  bomidaries  of  the  smaller  photograph  are 
in  right  ascension  20h.  11m.  to  21h.  Om.  roughly,  and 
in  declination  +  39°  to  +  50".  The  number  of  stars  in 
Argelander  is  3011.  On  page  191  of  the  "Red  Star 
Catalogue,"  amethod  is  given  of  finding  the  probablenumber 
of  red  stars  ;  this  is,  number  of  stars  x  -0075.  Multiply- 
ing the  number  of  stars  in  Argelander  by  this  quantity,  we 
get  23,  which  accords  exactly  with  the  number  of  st-ars 
actually  observed.  It  would  seem,  therefore,  that  there  is 
no  abnormal  quantity  of  red  stars  in  this  region.  In  the 
next  place,  the  whole  of  the  stars  which  showed  any  colour 
were  marked  with  red  on  the  photographs  to  see  if  they 
were  distributed  according  to  any  rule.  Only  one  soar,  and 
this  pale  orange  red,  was  found  in  the  nebula.  Generally 
speaking,  the  coloured  stars  seem  to  lie  on  the  borders  or 
between  the  groups  or  streams  of  stars.  A  curious  and 
slightly  curved  line  of  four  nearly  equidistant  coloured 
stars  extends  from  a  Cygni  to  the  preceding  edge  of  the 
photograph.  Another  curve  of  five  stars  is  associated 
with  7  Cygni.  The  north  part  of  the  photograph,  especially 
where  the  stars  rapidly  decrease  in  number,  seems  richer  in 
coloured  stars,  and  on  extending  the  sweeps  yet  further 
north  this  fact  is  very  obvious.  As  regards  the  minute 
stars,  I  am  inclined  to  believe  that  none  are  beyond  the 
range  of  the  \1\  reflector.  The  minimum  risihU-  of  the  17| 
has  been  found  to  be  15  magnitude  on  Argclauder's  scale, 
and  though  only  one  field  has  been  examined,  yet  from  the 
results  it  would  seem  that  the  smallest  stars  are  within 
the  hmit  of  15  magnitude.  Only  three  red  variable  stars 
known  at  the  present  time  lie  in  this  region,  two  of  them 
following  a  Cygni,  and  north  of  it ;  still  further  to  the 
north  and  on  the  following  side  of  the  photograph,  but 
beyond  it,  lie  three  other  variable  stars.  Finally,  the 
brighter  stars  in  the  immediate  vicinity  of  the  nebula 
were  examined  with  a  powerful  spectroscope,  and  seen  to 
be  generally  first-type,  with  strongly  marked  hydrogen 
lines.  It  was  thought  possible  that  some  of  them  might 
show  bright  lines,  as  in  the  case  of  stars  associated  with 
the  nebula  in  Orion,  but  no  such  star  was  detected.  The 
nebula  is  visible  in  the  17|,  as  a  faint  haze. 

Towlaw,  Darlington.  T.   E.   Espin. 

[I  hope  in  a  future  number  to  give  a  photo-etching  of 
the  stars  in  the  x  Cygni  region  with  :\Ir.  Kspins  new  red 
stars  marked  upon  it.  1  should  be  glad  if  other  observers 
with  large  telescopes  would  compare  the  stars  they 
can   see   m  this   region   with   those   shown  in  the  plate 
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THE    UPPER   ATMOSPHERE. 

By  A.  C.  Eanyard. 

I  AM  enabled  this  month,  through  the  kinduess  of 
Mr.  Shadbolt,  to  lay  before  the  readers  of  Know- 
ledge some  photographs  taken  from  baUoons  at 
various  altitudes.  Mr.  Shadbolt  is  a  very  experienced 
amateur  aeronaut  who  has  made  over  sixty  ascents, 
and  he  was,  I  understand,  the  first  to  take  a  recognizable 
photograph  fi'om  a  balloon,  in  June,  1882.  The  rays  of 
light  which  fall  on  a  photographic  plate  exposed  from  a 
balloon  have  had  to  pass  twice  through  the  densest  and 
most  dust-laden  strata  of  the  atmosiDhere.  Even  in  photo- 
graphing distant  landscapes  from  the  surface  of  the  ground 
very  little  detail  is  ordinarily  obtained  upon  distant  hills, 
owing  to  the  absorption  of  the  photographically  active  rays 
in  passing  through  a  great  distance  of  the  lower  atmo- 
sphere. But  the  difficulty  is  greatly  increased  in  attempting 
to  photograph  the  distant  earth  from  a  great  altitude  in  a 
balloon,  for  not  only  is  the  absorption  increased  by  the 
long  course  of  the  rays  through  the  lower  an-,  but  the 
observer  sees  the  dust-motes  in  the  atmosphere  from  their 
sun-illuminated  side.  The  veil  of  haze  spread  over  the 
earth,  therefore,  hides  the  objects  behind  it  more  effectually 
than  the  transparent  veil  of  haze  which  we  ordinarily  see 
over  a  distant  landscape,  giving  the  soft  effects  of  distance 
which  artists  so  well  know. 

An  observer  with  a  giant  telescope,  on  Mars  or  on  the 
Moon,  would  probably  see  much  less  of  what  is  going  on 
on  the  surface  of  the  earth  than  we  are  apt  to  imagine. 
The  white  upper  surfaces  of  the  clouds  would  first  attract 
his  attention,  with,  in  between  them,  a  very  dim  and  hazy 
view  of  objects  on  the  earth's  surface,  rendered  all  the 
more  difficult  to  observe  by  the  frequent  presence  of  a 
dazzlingly  bright  patch  of  sunlight  reflected  from  the  sea. 
To  a  naked  eye  observer  on  Mars,  the  earth  would 
probably  appear  like  a  variable  star,  with  a  curious  and 
mysteriously  irregular  period  of  variation,  due  to  the  change 
in  the  brightness  of  the  specularly  reflected  patch  of  sun- 
light as  terrestrial  clouds  covered  it  up,  or  the  rotation  of 
the  earth  brought  continents  or  seas  to  the  part  of  the  earth's 
surface  from  which  specular  reflection  could  take  place. 
The   exposm-e   of   photographs   taken   fi-om   a   balloon 


published  in  the  October  number  of  KNOwLEDfiE.  I  have 
only  had  an  opportunity  of  examining  the  region  under 
unfavourable  circumstances  with  an  18-inch  reflector.  It 
seemed  to  me  that  the  photograph  showed  many  more 
faint  stars  than  I  could  reach  with  the  telescope,  and  I 
could  only  detect  the  brightest  parts  of  the  nebulous 
regions. — A.  C.  Ranyard.] 

To  the  Editor  of  Knowledge. 

Sir, —  There  is  some  confusion  in  your  September  and 
October  numbers  with  reference  to  the  magnitude  of 
Canopus  :  the  magnitude  O-l  quoted  in  the  list  on  p.  91  is 
on  the  I'ranoiiu'triit  An/fntina  scale  :  the  magnitudes  of  the 
other  stars,  except  «  Centauri,  are  on  the  scale  of  the 
Harvard  Photometric  (.'atalogue.  and  the  two  scales  are 
not  comparable.  Herschel's  magnitudes  are  evidently  not 
photometric,  and  this  introduces  a  new  scale,  and  accounts 
for  the  apparent  faintness  of  Sirius.  Thome  gives  the 
magnitude  of  Canopus  in  188.5  as  —  0-6  with  ZiiUner's 
Photometer.  The  agreement  is  therefore  complete  as  to 
Canopus  being  the  second  brightest  star  in  the  heavens. 

In  the  October  number,  page  193,  2nd  column,  line  8, 
"  J  Cancri  "  should  road  "  S  Caucri." 

Yours  truly,  T.  W.  Backhouse. 


must  necessarily  be  short,  for  the  balloon  generally  drifts 
along  with  considerable  velocity,  and  sometimes  it  revolves. 
The  revolution  is,  however,  never  very  rapid,  and  it  is 
generally  more  noticeable  as  the  balloon  descends  than  as 
it  rises,  owing  to  the  greater  irregularity  of  the  car  and 
under-surface  of  the  balloon  as  compared  with  the  com- 
paratively spherical  surface  which  it  presents  to  the  air  on 
rising.  With  reference  to  the  velocity  with  which  balloons 
travel,  Mr.  Shadbolt  is  of  opinion  that  they  do  not,  as  a 
general  rule,  travel  so  rapidly  when  at  a  considerable  alti- 
tude as  they  do  when  nearer  to  the  earth.  Since  this  is 
contrary  to  the  usually  received  opinion  with  regard  to  the 
velocity  of  the  wind  at  various  altitudes,  and  ^Mr.  Shad- 
bolt's  judgment  is  founded  on  very  full  notes  which  he 
takes,  during  his  balloon  voyages,  as  to  the  time  of  passing 
over  various  places,  I  give  the  following  extract  from  a 
letter  he  obligingly  wrote  me  on  the  subject.  Mr.  Shad- 
bolt says  :  "  I  have  invariably  found  the  wind  near  the 
earth,  say  up  to  1500  or  2000  feet,  to  be  stronger  than  at 
higher  altitudes.  I  have  frequently  mounted  up  to  take 
refuge  from  an  approaching  squall,  and  it  has  overtaken 
the  balloon  and  passed  below  it,  while  nearly  always  when 
above  the  clouds  they  appear  to  travel  along  at  a  more 
rapid  speed,  and  to  pass  along  beneath  the  balloon.  The 
same  thing  is  noticeable  when  there  are  no  clouds ;  you 
take  your  bearings  and  scarcely  seem  to  be  moving  imtil 
you  drop  down  near  to  the  earth.  Some  might  say  that 
this  would  naturally  be  due  to  the  distance  you  are  from 
the  objects  below,  making  a  quick  movement  appear  to  be 
slow,  but  after  some  practice  you  learn  to  recognize  the 
actual  rate  at  which  you  are  passing  over  the  gi'ound 
below  you." 

At  considerably  greater  heights  in  the  air  than  balloons 
have  ever  attained  to,  the  wind  is  known  occasionally 
to  blow  with  a  velocity  of  over  140  miles  an  hour.  Thus 
the  dust  from  the  explosion  of  Krakatoa,  which  took  place 
on  27th  August,  1882,  was  carried  to  the  West  India 
Islands  (half  round  the  earth)  in  seven  days,  and  the 
average  velocity  of  the  wind  at  mountain  observatories 
greatly  exceeds  the  average  velocity  observed  at  the  sea 
level.  A  passenger  in  a  balloon  hardly  feels  the  wind 
from  the  time  he  starts  till  the  time  he  touches 
earth  again,  for  though  a  high  wind  may  be  blowing 
he  is  carried  along  with  it,  and  only  feels  a  slight 
wind  when  the  balloon,  in  rising  or  falling,  passes 
from  one  current  into  another,  and  then  the  sensation 
only  lasts  until  the  balloon  has  taken  up  the  velocity  of 
the  current  of  air  into  which  it  has  passed.  The  greatest 
altitude  which  has  been  attained  by  a  balloon  seems  to  be 
a  little  over  seven  miles.  Mr.  .lames  Glaisher  and 
Mr.  Coxwell  ascended  from  Wolverhampton  on  the  5th 
.September,  1862,  and  are  believed  to  have  reached  an 
altitude  of  37,000  feet,  at  which  height  the  barometer 
would  only  stand  at  seven  inches.  Mr.  Glaisher's  last 
reading  in  ascending  was  made  at  a  height  of  29,000  feet, 
after  that  he  became  insensible,  and  Mr.  Coxwell,  at  the 
greatest  height  attained,  lost  the  use  of  his  hands,  and  was 
obliged  to  pull  the  cord  (which  opened  the  valve  and  caused 
them  to  descend)  by  seizing  it  with  his  teeth  and  bowing 
his  head  downward. 

The  altitude  attained  by  Messrs.  Glaisher  and  Coxwell, 
though  higher  than  the  highest  mountain,  sinks  into 
insignificance  compared  with  the  total  height  of  the  ocean 
of  atmosphere  which  surrounds  the  earth.  Small  clouds 
may  occasionally  be  observed  at  a  height  of  ten  miles--' 

*  Mr.  II.  1'.  C'ui'tis,  of  Boston,  tells  nie  that  the  towering  cuniulxis 
clouds  over  thunderstorms  on  the  Amei-ican  pi-airies  may  sometimes 
be  seen  on  the  horizon  at  a  distance  of  200  miles ;  proving  that  they 
oecasionallv  attain  an  altitude  of  over  five  miles. 


I.- Taken   from    a    Balloon    \,\     Mr.    ik.ii.    V.    Siiai. 1)07.1.   -.d   a    li.inlit    of    .'jLIO   Irrt    ..vcr   Sih.iU.ui,.      .S1k.u>    the    Tlniiiios   mihI 
Woohvich  D(X-kvai-(l  buildinss  in  the  foivsroutid.  with  a  distant   view  dvor  Kent.       Kith  August,  1S«4. 


2.  —Taken  from  a  Balloon  hv  Mr.  Cecil  V.  Shadbolt,  at  a  height  of  6UUU  IVet   over  Belvedere.     Shows  the  Thames  in  the 
foregromid,  with  iotty  running  out  into  the  river.       17tli   .Vugust,  ]889. 


;i.\\ 


J  y  ^^ 


Taken  from  a  Balloon  by  Mr.  Cecii,  \.  Siiadiiolt,  :it  :i  liciu'ht  uF  2100  loet  over  I.cwisliam  (reversfd  riolit  uml   l.-l 


4. -Taken  from  a  Balloon  hy  iMr.  Cecil  V.  SiiAuiiOLr,  at  a  height  of  1500  foet  over  Beckonham  (rovorsod  ri-rht  -.nd  Ipft) 

1st  August,   1887.  '  '■ 
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above  the  sea  level  ;  and  observations  of  the  duration  of 
twilight  show  that  a  glimmer  of  light  may  generally  be 
traced  till  the  sun  is  18°  below  the  horizon,  which 
indicates  that  there  is  matter  capable  of  dispersing 
the  sun's  light  at  an  altitude  of  about  -iO  miles.  On 
ordinary  occasions  the  air  above  that  altitude  is  either  too 
rare,  or  too  pure  from  foreign  particles,  to  disperse  any 
perceptible  amount  of  twilight.  After  the  explosion  of 
Krakatoa  the  sunset  colours  and  the  longer  duration  of 
twihght  showed  that  dust  was  suspended  in  the  upper 
atmosphere  for  many  months,  at  considerably  greater 
altitudes  than  usual,  probably  at  a  height  of  at  least  00 
miles.  It  has  been  suggested  that  the  volcano  threw  the 
dust  to  an  altitude  of  a  few  thousand  feet,  and  that  it  was 
then  carried  into  the  upjser  air  by  the  rising  heated  atmo- 
sphere of  the  tropics,  which  always  gives  rise  to  an  upcast 
current  carrying  the  air  from  near  the  surface  of  the 
ground  to  a  great  altitude,  and  dispersing  it  and  the  dust 
it  contains  north  and  south  into  either  hemisphere.  But 
as  similar  sunset  effects  were  observed  in  the  last  century 
extending  over  Europe  after  the  great  eruption  of  Skaptar 
•Tokul  in  Iceland,'-  it  is  probable  that  the  heated  column  of 
air  over  the  volcano  itself  would  be  sufficient  to  carry  dust 
into  the  higher  regions  of  the  atmosphere. 

The  smaUer  shooting  stars  generally  become  visible  at  a 
height  of  from  70  to  80  miles  above  the  earth,  and  they  are 
usually  entirely  consumed  before  they  penetrate  to  50  miles 
above  the  sea  level,  but  there  is  ample  evidence  that  larger 
meteors  have  occasionally  been  observed  at  a  height  of 
over  100  miles  above  the  earth's  surface,  proving  that  there 
is  sufficient  atmosphere  at  such  great  altitudes  to  resist 
their  motion  and  convert  a  part  of  their  energy  of  transla- 
tion into  heat  and  light  sufficient  to  render  tbem  visible. 

The  air  at  these  great  altitudes  must  be  very  rai-e,  much 
rarer  than  the  vacuum  within  the  bulb  of  an  electric  in- 
candescent lamp,  for  the  density  of  the  atmosphere  is 
halved  at  a  height  of  about  three  and  a  half  miles,  and  we 
know  that  with  an  atmosphere  composed  of  gas,  which 
obeys  Boyle's  law  connecting  the  density  with  the  pressure, 
the  density  will  continue  to  be  halved  with  every  additional 
ascent  of  three  and  a  half  miles ;  consequently  at  a  height  of 
70  miles  the  density  will  have  been  reduced  in  the  propor- 
tion of  1  to  2-",  that  is,  the  atmQsphere  will  have  less  than 
a  millionth  of  the  density  of  the  air  at  the  sea  level,  which 
about  corresponds  to  the  density  of  the  air  within  the  bulb 
of  an  electric  lamp  (usually  spoken  of  as  the  vacuum).  At  a 
height  of  105  miles  the  density  of  the  air  will  have  been 
reduced  in  the  proportion  of  1  to  2'",  or  more  than  a 
thousand  million  times. 

The  reason  for  this  rapid  decrease  in  geometrical  pro- 
gression of  the  density  of  the  atmosphere  as  we  ascend 
is  easy  to  see  when  we  consider  the  pressure  on  each 
stratum  of  three  and  a  half  miles  in  thickness  as  we  rise 

*  Grilbcrt  White,  of  Selborne,  iu  one  of  his  letters  to  the  Hou. 
Danes  Harrington,  describes  "  tlie  amazing  and  portentous  phe- 
nomena"  observed  in  the  summer  of  1785.  He  says  the  sun  "shed 
a  rust-eolourcd  ferruginous  liglit  on  the  ground,  particularly  lurid 
and  blood-coloured  at  rising  and  setting."  There  are  many  refer- 
ences to  the  "red  fog"  which  caused  great  alarm  over  Europe 
during  the  whole  of  the  sunnner  of  1783.  Lalande  ascribed  it  to  the 
effect  of  a  hot  sun  succeeding  a  long  period  of  heavy  rains,  and 
Cowper  refers  to  it  in  "  The  'J'ask."  Book  U.,  liiu's  .5.3-65,  which  were 
written  in  the  autumn  of  1783 ;  he  also  refers  to  the  earthquakes 
and  tidal  waves  of  that  year.  Mrs.  Souierville,  in  her  "  Physical 
G-eography,"  traces  the  origin  of  these  phenomena  of  178U  to  the 
great  eruption  of  Skaptar  .lokul,  which  broke  out  on  May  8th  and 
continued  till  the  end  of  August,  sending  forth  imnu-nse  (juantities 
of  dust  as  well  as  lava.  Sir  .Tohn  Herschel,  in  his  "  I'hysical 
Q-eography,"  states  that  Skaptar  .Iok\d  ejected  21  cubic  miles  of  lava, 
a  quantity  equal  to  the  volume  of  wiilcr  jiourcd  by  Ihc  Nile  into  the 
sea  in  a  year. 


above  the  earth's  surface.  The  lowest  stratum,  which 
contains  a  half  of  the  atmosphere,  is  compressed  by  the 
weight  of  the  upper  half  of  the  atmosphere  that  rests  upon 
it.  The  next  quarter  of  the  atmosphere  will  occupy  a 
stratum  of  the  same  thickness  as  the  lowest  half  of  the 
atmosphere,  because  every  part  of  it  will  be  compressed 
with  just  half  of  the  weight  which  compresses  a  similar 
stratum  of  the  lowest  half,  and  the  atmosphere  is  composed 
of  gases  which  very  approximately  obey  Boyle's  law  ;  that 
is,  the  volume  varies  inversely  as  the  pressure.  In  the 
same  manner  the  third  stratum  of  three  and  a  half  miles 
in  thickness  will  contain  an  eighth  part  of  the  whole 
atmosphere  under  the  pressure  of  the  weight  of  the 
remaining  eighth  part  above  it,  and  the  fourth  stratum 
wull  contain  a  sixteenth  part  under  the  pressure  of  the 
weight  of  the  remaining  sixteenth  part,  and  so  on. 
The   suc- 


cessive steps 
at  which  the 
density  of 
the  earth's 
atmosphere 
is  halved 
will  in  fact 
b  e  c  o  m  e 
shorter  and 
shorter  as 
the  temper- 
ature falls 
in  the  upper 
air,  for  the 
volume  oc- 
cupied by  a 
mass  of  gas 
depends  up- 
on its  tern-  . 
perature  as 
well  as  the 
pressure  up- 
on it.  While 
the  pressure 
remains 
constant  the 
volume  var- 
ies as  the 
absolute 
tempera- 
ture. Thus, 
if  the  height 
of  the  lower 
half  of  the 
atmosphere 
at  a  temper- 
ature of  32 ' 
Fahr.,  or  0" 

Cent. ,  were  exactly  three  and  a  half  miles,  its  height  at  a  tem- 
perature of  T  degrees  would  be  ^J;?  x  3-5  miles,  where  T  i.s 
the  absolute  temperature  measured  in  degrees  Centigrade. 
We  know  that  the  temperature  falls  very  rapidly  in  the  upper 
air;  thus, at  the  greatest  height  reached  by  Mr.  Glaisher  on 
the  5th  SeptemluT.  lSti2.  the  temperature  of  the  air  as 
registered  by  a  miiiimum  thermometer  fell  to  — 11-0^  Fahr.. 
at  a  height  where  the  pressure  of  the  atmosphere  was  only 
reduced  to  about  a  quarter  of  the  pressure  at  the  sea  level. 
If  at  a  height  of  70  miles  the  temperature  falls  to -01" 
Cent. .the  height  of  the  successive  steps  of  the  above  series 
will  be  reduced  to  two-thirds  of  the  height  of  the  lowest 
half  of  the  atmosphere — that  is,  the  density  of  the  atmo- 
sphere would  be  halved  at  successive  steps  of  a  Uttle  less 
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than  two  and  a  half  miles,  so  that  we  have  considerably 
under-estimated  the  actual  rate  of  decrease  of  the  density 
of  the  atmosphere  on  mounting  upwards. 

Let  us  assume  that  the  density  of  the  air  at  a  height  of 
100  miles  is  reduced  to  a  thousand-millionth  of  the  density 
of  the  atmosphere  at  the  sea  level,  we  are  still  very  far 
from  having  got  rid  of  the  atmosphere  altogether.  Ac- 
cording to  recent  estimates,  founded  on  curious  corro- 
borative evidence  derived  from  more  than  one  class  of 
physical  phenomena,  a  cubic  inch  of  such  tenuous 
atmosphere  would  contain  about  350  thousand  million 
molecules  of  gas  ;  a  number  which  is  so  enormous  that  its 
vastness  can  only  be  partly  realized  by  means  of  an 
illustration.  Let  us  suppose  a  small  bulb  of  one  inch  cubic 
capacity  to  be  filled  with  air  of  a  thousand  millionth,  the 
density  of  atmospheric  air  at  the  sea  level.  If  the  bulb 
were  imperfectly  sealed  so  that  a  thousand  molecules  could 
rush  into  it  in  every  second  of  lime,  it  would  take  more 
than  eleven  years  tor  the  pressure  inside  the  bulb  to 
become  doubled — that  is,  for  as  many  more  molecules  to 
rush  through  the  leakage  as  were  originally  contained  in 
the  bulb. 

If  the  pressure  of  the  air  continues  to  decrease  according 
to  the  same  law,  as  we  proceed  upwards  its  density  will 
have  been  decreased  to  one  milhon  million  millionth 
part  of  the  density  at  the  sea  level  at  a  height  of  200 
miles,  and  a  cubic  inch  of  such  air  would  contain  only 
about  350  molecules  ;  and  at  a  height  of  less  than  222 
miles,  a  cubic  inch  would  only  contain  one  molecule. 

At  what  height  should  we  reach  the  surface  of  the 
atmosphere "?  Many  people,  whose  opinions  are  entitled  to 
respect,  have  thought  that  the  air  has  not  an  upper  limit. 
Professor  Young,  in  his  "Test-book  of  General  Astronomy," 
in  dealing  with  the  height  of  the  atmosphere  (sec.  98),  is 
cautious,  and  says  that  it  cannot  "  be  asserted  positively 
that  the  atmosphere  has  any  definite  upper  limit."  But 
Professor  Forster,  of  Berlin,  in  a  paper  which  he  read 
before  the  German  Geographical  Society'-'  in  May  last, 
brings  together  evidence  which  he  thinks  proves  the 
existence  of  a  "  Himmelsluft,"  or  thin  air  pervading  in 
greater  or  less  density  the  whole  of  the  solar  system,  and 
which  he  assumes  is  associated  with  the  strata  of 
extremely  rarefied  gases,  which  follow  the  earth's  move- 
ments round  the  sun.  He  quotes,  as  evidence  of  such  a 
medium,  the  retardation  of  Encke's  comet  when  near  to 
perihelion,  and  the  appearance  of  the  zodiacal  light  and 
the  "  gegenschein,"  or  "  counterglow,"  which  has  been  so 
fi-equently  observed,  as  well  as  some' other  evidence  which 
appears  to  be  very  doubtful  with  regard  to  the  height  of 
luminous  clouds  and  the  aurora. 

The  retardation  of  comets  near  to  perihelion  may  be 
satisfactorily  accounted  for  by  the  great  extension  of  coronal 
matter  about  the  sim,  and  the  appearance  of  the  zodiacal 
light  and  the  "  gegenschein  "  may  be  due  to  the  light  dispersed 
by  flights  of  meteors  which  seem  to  be  aggregated  near  to 
the  plane  of  the  ecliptic  and  not  to  be  evenly  dispersed 
about  the  sun,  as  would  be  the  case  if  an  atmosphere  tilled 
inter-planetary  space.  But  the  kinetic  theory  of  gases 
seems  to  afl'ord  evidence  that  the  molecules  of  the  atmo- 
sphere do  not  escape  from  the  regionof  theearth's  attraction. 
According  to  the  kinetic  theory  the  molecules  of  hydrogen, 
at  a  temperature  of  0°  Cent.,  move  with  an  average  velocity 
of  a  little  more  than  6000  feet  per  second.  Clerk  Maxwell, 
in  his  "  Theory  of  Heat,"  9th  edit.,  p.  814,  gives  their 
average  velocity  as  6097  feet  per  second.  The  atomic 
weight  of  nitrogen  is  14-01 ;  consequently,  assuming  Clerk 


*  An  abstract  of  this  paper  is  printed  in  the  "  Proceedings  of  the 
Royal  Geographical  Society  of  London  "  for  July,  1891. 


Maxwell's  velocity  for  hydrogen,  the  molecules  of  nitrogen 
at  a  temperature  of  0^  Cent,  will  move  with  an  average 
velocity  of  1029  feet  per  second,  and  the  molecules  of  oxygen, 
the  other  chief  constituent  of  the  atmosphere,  will  move  a 
little  more  slowly.  The  square  of  the  mean  velocity 
varies  as  the  absolute  temperature  ;  consequently,  as  the 
temperature  is  lowered  the  average  velocity  of  the 
molecules  decreases  rapidly,  and  we  may  feel  quite  confi- 
dent, from  observations  made  in  balloons  and  at  mountain 
observatories,  that  the  temperature  near  to  the  limits  of  the 
atmosphere  is  far  below  0°  Cent.  We  shall  therefore  be 
certainly  much  above  the  mark  in  assuming  an  average 
velocity  of  1629  feet  per  second  for  the  molecules  of  nitro- 
gen in  the  highest  strata  of  the  atmosphere,  where  their 
free  path  becomes  very  long,  and  some  of  them  can  escape 
upwards  without  sufl'ering  a  collision.  A  projectile  thrown 
upwards  from  such  an  altitude  under  the  influence  of  the 
earth's  gravity,  with  a  velocity  of  1629  feet,  would  be  car- 
ried to  a  height  of  less  than  nine  miles  above  the  point  at 
which  it  started  and  would  fall  again  into  the  atmosphere. 
It  would  require  a  velocity  more  than  twenty-two  times 
as  great,  or  of  about  seven  miles  per  second,  to  carry  it 
away  from  the  earth.  The  velocities  above  referred  to  are 
the  mean  velocities  of  molecules  at  a  temperature  of  0° 
Cent.  We  know  that  the  actual  velocities  of  the  mole- 
cules will  be  distributed  about  the  mean  velocity  according 
to  the  law  of  probable  error,  and  it  seems  very  improbable 
that  in  the  extremely  cold  upper  regions  of  the  atmosphere 
any  molecules  will  have  a  sufficiently  great  upward  velocity 
to  be  carried  outside  the  region  of  the  earth's  attraction. 


Nottcr  of  Boolt. 

On  the  Ailjustinent  and  Teatiny  uf  Tflesciiplr  Ohjectivi's 
(published  and  sold  by  T.  Cooke  and  Sons,  Buckingham 
Works,  York ;  price  5.v.). — This  little  book  will  be  greatly 
welcomed  by  observers,  as  teaching  them  how  to  adjust  and 
test  the  adjustments  of  their  object-glasses  and  mirrors.  The 
illustrations  are  excellent,  particularly  the  frontispiece,  which 
shows  the  various  appearances  of  star  discs  as  seen  in  and 
out  of  focus,  with  perfect  and  defective  object-glasses,  and 
with  a  good  instrument  when  badly  adjusted.  The  author- 
ship of  the  work  is  not  stated ;  it  appears  to  be  a  joint- 
production  of  persons  possessing  very  considerable  prac- 
tical as  well  as  theoretical  knowledge. 


METEOROLOGY    OF    BEN    NEVIS. 

By  Dr.  .J.  G.  McPherson,  F.R.S.E. 
[Lecturer  an  Meteorohgy  in  tlif    Unirersity  of  St.  Andrew's.) 

BEN  NEVIS,  in  Inverness-shire,  is  not  only  the 
highest  moimtain  in  Scotland,  but  also  the  high- 
est in  the  British  Islands.  It  is  comparatively 
easy  of  ascent,  and  its  west  side  is  nearly  precipi- 
tous. Fort  William,  an  old  military  town  at  its 
western  base,  is  on  the  sea  coast.  Some  years  ago  this 
mountain  was  considered  exceptionally  advantageous  for 
observations  at  its  summit  and  base  for  the  pressure  and 
temperature  of  the  air,  and  for  the  direction  of  the  wind  at 
a  difl'erenee  of  above  4000  feet  level.  Accordingly 
Mr.  Wragge  made  arrangements  for  observations  from 
June  to  October  during  the  three  years  1881 — 83.  Since 
that  time  improvements  were  made  in  the  buildings  on  the 
summit  ;  telegraphic  communication  was  made  between 
the  summit  and  base  of  the  mountain ;  and  Mr.  Ormond 
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and  others  have  for  tlie  past  seven  years  made  very  careful 
observations  during  the  whole  year. 

t)r.  Alexander  Buchan,  the  secretary  of  the  Scottish 
MetBorolbgical  Society,  has  recently  published  in  the 
.Journal  of  the  Society  an  outline  of  the  observations  made 
at  the  Ben  Nevis  Observatory  and  at  Fort  William  during 
tliat  period,  and  again  in  the  "  Transactions  of  the 
Royal  Society  of  Edinburgh."  From  this  account  we  find 
that  for  that  period  the  mean  barometric  pressure  at  tile 
height  of  4407  feet  (tlie  top  of  the  Ben)  is  25-294  inches, 
and  that  the  mean  barometric  pressure  at  sea  level 
(Fort  William)  is  29-856  inches,  the  difference  being  4-562 
inches,  or  about  an  inch  to  the  1000  feet  of  difference  of 
level.  The  difference  reaches  the  maximum  of  4-041  inches 
in  February,  and  the  minimum  of  4-484  in  July. 

The  mean  temperatures  at  the  top  and  bottom  are  30-9° 
and  46-8'  Fahr.  respectively,  the  difference  for  4407  feet 
of  altitude  being  15-9°.  The  difference  reaches  the  maxi- 
mum of  18'5°  in  April,  and  the  minimum  of  10-9°  in 
January.  The  absolutely  highest  temperature  at  the  Ob- 
servatory was  070'',  on  June  24th,  1887,  and  the  lowest, 
6-4°,  on  February  10th,  1889. 

The  mean  annual  rainfall  at  the  Observatory  has  been 
140-17  inches;  and  at  the  base  78-19  inches  ;  or  01-98 
inches  less  at  the  base  than  at  the  top  of  the  Ben. 

The  direction  of  the  winds  on  the  ]>en  indicates  a  well- 
marked  diurnal  variation.  From  8  a.m.  to  8  a.m. 
northerly  winds  (strength  2|  Iniles  an  hour)  prevail, 
whereas  from  11  a.m.  to  2  p.m.,  southerly  winds  (a  little 
stronger)  are  in  the  ascendant.  The  coldest  wind  is  from 
the  north-east  and  the  warmest  from  the  south. 

The  electrical  phenomenon,  called  St.  Elmo's  Fire,  is 
often  observed  on  the  Ben,  especially  during  the  winter 
months.  The  weather  which  precedes,  accompanies,  and 
follows  this  phenomenon  has  quite  marlved  characteristics. 
Stormy  weather  is  called  at  the  Observatory  "  St.  Elmo's 
weather,"  so  peculiar  is  it.  In  almost  every  case  another 
cyclone,  with  its  spell  of  bad  weather,  follows  the  particular 
cyclone  in  which  St.  Elmo's  Fire  is  observed.  Seventy  per 
cent,  of  the  thunderstorms  occur  from  September  to 
February,  being  very  rare  in  summer — the  very  reverse  of 
what  occurs  in  the  east  of  Scotland.  But  at  Fort  William 
summer  thunderstorms  are  twice  as  frequent  as  at  the 
Observatory,  suggesting  that  a  considerable  number  must 
be  below  the  summit.  The  winter  thunderstorms  prevail 
at  night  ;  the  reverse  is  the  case  in  summer. 

Professor  C.  Miohie  Smith  has  shown  that,  on  the  edge 
of  a  dissolving  mist,  the  potential  is  lower  than  the 
average,  but  higher  on  the  edge  of  a  condensing  mist. 
This  is  corroborated  by  the  observations  on  Ben  Nevis. 
When  the, top  of  the  Ben  becomes  clear  for  a  sliort  time,  a 
strong  current  comes  up  the  telegraph  wire  from  the  base 
to  the  summit.  But  as  soon  as  the  summit  is  again  mist- 
clad,  the  current  is  reversed.  During  a  fall  of  rain  the 
cm-rent  nearly  always  passes  down  the  wire ;  and  in  a 
sudden  shower  this  current  is  very  strong.  When  the 
rain  stops  the  current  passes  upwards  again. 

Some  very  curious  results  are  given  about  the  enumera- 
tion of  the  dust-particles  of  the  air,  by  means  of  the 
ingenious  apparatus  invented  by  Mr.  Jolm  Aitlien,  of 
Falldrk.  This  apparatus  we  described  in  the  October 
number  of  Knowledge  last  year.  On  31st  March  of  last 
year,  at  4.30  p.m.,  the  summit  of  the  Bou  was  clear,  and 
the  number  of  dust-particles  per  cubic  inch  was  46,400,  but 
shortly  afterwards  a  thickness  was  observed  approaching 
from  the  south-west,  which  by  6  p.m.  reached  the  Obser- 
vatory, and  the  dust-particles  rose  to  214,400  per  cubi« 
inch — the  maximum  observed  since.  On  June  15tlithe 
number  fell  from  15,600  at  midnight  to  840  at  10.30  a.m. 


But  the  observations  on  the  20th  July  were  exceptionally 
remarkable.  At  Fort  William  the  theiinometer  remained 
constant  at  35''  from  9  p.m.  till  4  a.m.  next  day.  But  at 
the  top  there  was  a  most  marked  variation  of  temperature. 
At  10  p.m.  the  wind  suddenly  veered  fi-om  south-west  to 
north,  increasing  to  40  miles  an  hour,  and  the  temperature 
rose  from  41°  to  47°,  and  soon  after  to  49-2°.  Ten 
observations  were  made  with  Aitken's  dust-enumerator, 
between  2  and  3  a.m.,  and  the  extraordinarily  low  mean 
of  Only  34  dust-particles  in  the  cubic  inch  was  registered. 
From  our  last  notice  it  will  be  found  that  3500  per  cubic 
inch  is  the  lowest  figure  ascertained  by  Mr.  Aitken,  and 
that  was  in  Switzerland.  The  peculiarity  of  this  minimum 
register  on  the  Ben  is  thus  accounted  for.  A  warm 
highly-saturated  north  wind  was  blowing  out  of  the 
cyclone,  which  lay  to  the  northward ;  whilst  the  sea-level 
wind,  which  was  south-west,  was  blowing  in  upon  the 
same  cyclone.  It  is  evident,  then,  that  there  is  an  intimate 
relationship  between  the  number  of  dust-particles  and  the 
cyclones  and  anti-cyclones  over  North -Westei-n  Europe  at 
the  same  time. 

Halos,  coronw,  fog-bows,  glories,  and  other  optical 
phenomena  hold  a  prominent  place  among  the  observations 
on  the  Ben.  But  the  most  laborious  investigation  has 
been  the  determination  of  the  rate  of  diminution  of 
temperature  with  heiglit,  and  the  rate  of  the  diminution 
of  pressure  for  the  different  air-temperatures  and  sea-level 
pressures  that  occur. 


BIRDS  AND   BERRIES. 

By  the  Rev.  Alex.  S.  Wilson,  M.A.,  B.Sc. 
(Continued  from  par/e  182.) 

THERE  are  a  few  cases  in  which  fruits  though  not 
succulent  appear  to  depend  on  birds  for  the 
dispersion  of  their  seeds.  The  snake-nut  of 
Demerara  [Ophioconjon  pntadoxum)  is  so  called 
on  account  of  its  peculiar  coiled  embryo  pre- 
senting a  striking  resemblance  to  a  small  snake.  The 
Hkeness  is  so  marked  that  when  the  egg-like  capsule 
is  opened,  one  involuntarily  starts  back  fi-om  the  supposed 
reptile.  It  would  seem  that  the  imitation  here  is  intended 
as  a  deception ;  for  if  a  bird  seizes  the  seed  imder 
the  impression  that  it  has  got  a  snake,  and  after  carrying 
it  some  distance  discovers  its  mistake  and  lets  it  drop, 
then  the  object  of  the  plant— dissemination — has  been 
attained,  and  that  without  any  outlay  m  the  shape  of 
succulent  pulp  or  saccharine  matter.  In  like  manner  the 
pod  of  Sciirjiiunts  suhnllosti  has  a  curious  resemblance  to  a 
centipede,  and  that  of  8.  irniiii'ulKtd  to  a  worm  or  cater- 
pillar. The  long  hanging  pods  of  Triihoxantlus  amjuimi,  as 
its  name  indicates,  look  very  much  like  snakes.  Iii.'<i-rntla 
pcU'chius  resembles  a  centipede.  According  to  Lubbock, 
the  seeds  of  Ahrux  pirciitiiritis,  Mdityuid  (tiamlrn,  JnlroiiJui 
and  Uiviims  mimic  beetles,  while  several  lupines  have 
seeds  resembling  spiders. 

The  advantage  of  the  mimicry  in  the  rosary  beau 
(Abnis)  is  easily  understood.  The  beans  are  bright 
scarlet  with  a  black,  glossy  patch.  When  the  pod 
dehisces  they  arc  exposed  to  view  and  attract,  we  shall 
suppose,  an  insectivorous  bird  which  mistakes  them  for  a 
particular  kind  of  beetle.  After  carrying  the  bean  some 
distance  the  bird  discovers  its  error,  drops  the  seed,  and 
thus  gratuitously  accomplishes  the  dissemination  of  Abntx. 
The  seeds  of  ClinHlnulron  also  appear  to  be  mimetic,  and 
remind  one  somewhat  of  the  rosary  bean.  I'ossibly  this 
explanation  also  applies  to  the  common  cow-wheat,  the 
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seed  of  which  has  a  marked  resemblance  to  the  larva  of  an 
insect.  The  black  shining  seeds  of  a  large  number  of 
plants,  of  folutiiliiiie  among  others,  might  easily  be  mis- 
taken for  minute  beetles,  and  the  similarity  may  be  of 
advantage  in  the  manner  indicated. 

The  fertilization  of  Howers  and  the  dispersion  of  seeds 
are,  of  course,  services  unconsciously  rendered  so  far  as  the 
insects  and  birds  are  concei-ned.  There  is  the  exceptional 
case  of  the  Yucca  moth,  whicli  deliberately  pollinates  the 
flowers  on  the  seeds  of  which  its  larv;e  feed.  To  this  there 
would  appear  to  l)e  a  curious  parallel ;  for  it  is  alleged  that 
in  Ciuatemala  a  bird  has  the  remarkable  habit  of  picking 
holes  in  the  bark  of  a  certain  tree,  and  depositing  therein 
the  seeds  of  a  parasitic  plant  on  the  berries  of  which  it 
feeds. 

Dispersion  through  tJie  agency  of  birds  is  attended 
with  certain  advantages.  The  necessity  for  dispersion 
appears  to  be  common  to  all  plants  ;  but  this  mode  affords 
facilities  for  the  transport  of  seeds  across  mountain  ranges 
and  arms  of  the  sea,  such  as  would  prove  effectual  barriers 
to  wind-borne  seeds  unless  those  of  infinitesimally  small 
dimensions.  Birds  are  more  likely  to  dehver  the  seeds  in 
locahties  corresponding  to  the  habitats  of  the  plants. 
The  maceration  of  the  seeds  in  the  bird's  stomach  in  some 
cases  appears  to  facilitate  germination.  This  mode  of 
dispersion  is  also  preferable  to  wind  agency  where  the 
number  of  inchviduals  composing  the  plant  species  is 
limited,  since  few^er  seeds  will  be  lost  or  destroyed. 

It  is  not  very  easy  to  account  for  the  origin  of  these 
special  pro^■isions  favouring  dispersion  by  birds.  The 
colours  and  sweet  tastes  of  fruits  as  well  as  certain  pro- 
perties of  the  seeds  might,  no  doubt,  be  referred  to 
variation  and  natural  selection.  Possibly  these  may  have 
arisen  very  much  in  the  way  that  Darwin  supposed  the 
adaptation  of  flowers  to  insects  to  have  been  brought 
about.  The  poUen  of  primitive  wind-fertilized  flowers 
might,  he  thought,  at  first  induce  insects  to  visit  them. 
The  presence  of  nectar  he  explained  as  due  in  the  first 
instance  to  the  accidental  appearance  within  the  flower  I 
whorls  of  a  sweet  secretion  occasionally  exuded  from  ! 
various  parts  of  plants,  such  as  from  the  leaves  of  the 
common  laurel  and  on  the  stipules  of  some  of  the  Legu- 
miuosffi.  Flowers  which  oflered  such  attraction  would  be  j 
most  frequented,  and  from  being  oftener  crossed  would 
give  rise  to  more  numerous  and  more  \'igorous  seeds. 
Their  descendants  would  inherit  these  peculiarities  in  a 
still  higher  degree.  Colour  and  perfume  would  now  come 
to  be  of  service  as  additional  attractions,  the  deepening  of 
the  flower-tubes  in  order  to  reserve  the  nectar  for  special 
visitors  would  follow,  while  corresponding  modifications  in 
the  proboscis  and  other  organs  of  those  insects  most 
dependent  on  the  flowers  might  be  expected  to  take  place. 
In  this  way  Darwin  conceived  it  possible  that  in  process 
of  time  the  innumerable  and  wonderful  contrivances  for 
eflecting  the  cross-fertilization  of  flowers  through  insect 
agency  might  have  been  called  into  existence.  More 
recently  Henslow  has  endeavoured  to  account  for  such 
peculiarities  in  flowers  as  the  colour  of  the  petals,  their 
markings,  the  secretion  of  nectar,  irritability  of  certain 
parts,  coronas,  spurs,  &c.,  on  the  theory  that  they  have 
been  called  forth  as  the  result  of  a  localized  flow  of  nutri- 
ment induced  through  irritation  caused  by  insects  in 
visiting  the  flowers. 

Neither  of  these  explanations  appears  fully  to  meet  the 
difficulty  presented  by  fruits  adapted  to  birds.  In  berries 
the  softening  of  the  fruit  appears  to  have  gone  on  simul- 
taneously with  the  hardening  of  the  seeds.  In  drupes  the 
outer  layer  of  the  pericarp  has  gi'own  soft  while  the  inner 
layer  has  at  the  same  time  become  indurated.     It  is  by  no 


means  obvious  how  this  dift'erentiation  of  tissues  could 
have  originated.  If  we  might  hazard  a  conjecture,  it 
would  be  that  succulent  fruits  are  related  to  those  having 
an  elastic  pericarp  which  splits  and  forcibly  ejects  the 
seeds  within  The  latter  we  take  to  represent  a  more 
primitive  type.  Hygroscopic  ft'uits  which  in  drying  con- 
tract and  suddenly  explode,  scattering  their  seeds  in  all 
directions,  are  not  uncommon.  Hygroscopic  agency  is 
indeed  very  generally  employed  as  a  means  of  dispersion ; 
we  find  it  adopted  in  all  classes  of  plants.  The  twisting 
of  the  pods  of  the  broom  and  the  lotus,  the  spreading  of 
the  plumes  composing  the  thistledown,  and  many  similar 
phenomena,  result  from  slight  differences  of  adjoining 
tissues  which  cause  them  to  dry  at  dift'erent  rates.  A 
piece  of  unseasoned  timber  warps  in  the  same  way 
because  the  green  sap-wood  on  the  one  side  dries  more 
rapidly  than  the  heart-wood  on  the  other.  The  tur- 
gescence  of  certain  tissues  producing  tension  and  sudden 
rupture  accounts  for  the  power  of  the  mortar-fimgus  to 
project  its  spores.  By  this  means  some  fungi  literally 
bespatter  with  their  sticky  spores  the  leaves  and  stems  of 
surroimding  plants.  The  squirting  cucumber  when  ripe 
breaks  away  from  its  stalk,  and,  by  the  forcible  contraction 
of  its  walls  as  well  as  by  the  pressure  of  fluid  witliin,  the 
seeds  along  with  the  watery  contents  are  shot  out  as  from 
a  syringe. 

Better  known  examples  of  elasticity  are  the  fruits  of 
the  hairy  cress  and  the  balsam.  If  these  ripe  fruits  be 
touched  the  valves  or  carpels  suddenly  curl  up  and  the 
seeds  are  thrown  out  all  aromid. 

On  the  assumption  that  birds  at  first  simply  fed  on 
seeds,  and  that  certain  fruits  and  seeds  already  showed  a 
tendency  to  become  differentiated  into  an  external  soft 
and  an  internal  hard  layer,  possibly  as  a  means  of  scatter- 
ing the  ripe  seeds  by  hygroscopic  action,  it  is  not  difficult 
to  see  how  there  would  be  initiated  a  course  of  variation 
and  natural  selection  which,  by  accentuating  the  difference 
between  the  two  layers,  w-ould  ultimately  secure  the  com- 
jjlete  protection  of  the  seeds,  and  at  the  same  time  provide 
an  inducement  in  the  shape  of  sweet  pulp  sufficiently 
attractive  to  insure  the  services  of  the  feathered  tribes. 


THE    LONDON    BASIN. 

By  Edward  A.   Martin. 

TO  those  who  live  in  the  suburbs  of  London,  geology 
has  a  special  interest,  as,  by  its  assistance,  one  is 
enabled  to  solve  questions  as  to  the  composition 
and  sanitary  qualities  of  the  various  soils  in  the 
metropolitan  area.  Enquiries  are  often  being 
made  by  persons  about  to  choose  a  house,  as  to  which 
neighbourhood  is  a  healthy  one  to  live  in,  and  where  one 
can  find  a  good  gravel  soil.  It  is  to  be  feared,  however, 
that  with  the  comparatively  small  area  of  gravel  in  the 
suburbs  of  London,  only  a  few  can  choose  such  sites,  and 
many  have  to  jjut  up  with  a  clay  soil.  In  that  case,  a  house 
on  a  hill,  or  on  rising  ground,  is  preferable  to  one  in  a  valley, 
or  on  flat  ground,  whilst  the  chalk  hills  which  almost  com- 
pletely surround  London  would  be  found  to  att'ord  a  far 
better  site  than  any  of  the  London  formations.  But  in 
London,  with  the  exception  of  a  very  small  district  in  the 
south-east,  the  chalk  does  not  appear  at  the  surface  at  all, 
being  regularly  covered  by  one  or  more  formations  belonging 
to  the  Eocene  age,  of  which  representatives  are  occasionally 
found  in  the  South  of  England,  c.;/.,  at  Newhaven,  Seaford, 
Furze  Hill,  Brighton,  and  in  Hampshire.  The  chalk,  as  it 
approaches  London  from  the  south,  most    aggravatingly 
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sinks  beneath  the  surface  at  a  line  joining  the  towns  of 
Epsom,  Sutton,  Croydon,  Orpington,  and  Sevenoaks,  and 
to  such  a  depth  that,  at  the  spot  where  a  shaft  was  sunk 
by  the  Southwark  and  Vauxhall  Water  Company  at 
Streatham  a  year  or  two  ago,  the  chalk  was  only  arrived  at 
after  traversing  ^41  feet  of  tertiary  beds  of  clay,  gravel, 
and  sand.  When,  however,  we  pass  beyond  the  northern- 
most limits  of  London,  we  again  find  the  chalk  immediately 
beneath  our  feet,  cropping  out  from  beneath  these  tertiary 
beds,  at  a  line  joining  the  towns  of  Watford,  Eickmans- 
worth,  Beaconstield,  Marlow,  Maidenhead,  on  to  Reading 
and  Hungerford,  and  forming  the  long  southern  slopes  of 
the  Chiltern  Hills. 

Thus  we  see  that  the  whole  of  London,  and  the  beds  on 
which  it  is  built,  are  held  in  the  hollow  of  a  trough  in  the 
chalk,  the  hills  forming  a  natural  boundary  both  north 
and  south. 

The  beds  above  the  chalk  may  be  classified  as  follows :" — 


1. 


f  Made  Earth, 
Alluvium. 
„     j  Brick  Earth, 
(Gravel  and  Sand. 


3.  London  Clay. 

4.  Oldhaven  (Pebble)  Beds. 

5.  Woolwich  &  Reading  Beds. 

6.  Thanet  Sands. 

k  detailed  sketch  of  each  of  these  is  scarcely  called  for 
here ;  a  few  characteristics,  however,  and  the  places  where 
they  can  be  seen  may  be  of  interest. 

The  Thanet  Sands  (6)  are  one  of  the  most  well-marked 
divisions  of  the  tertiary  strata.  They  attain  their  greatest 
thickness  on  the  north-east  coast  of  Kent,  being  90  feet 
thick  in  the  Isle  of  Thanet,  from  which  they  take  their 
name.  As  we  approach  London  in  a  \\'esterly  direc- 
tion the  bed  gradually  thins  out,  so  that  when  we  reach 
the  Bank  of  England  it  is  only  40  feet  thick,  and  at 
Ealing,  to  the  west  of  London,  it  has  but  a  thickness  of 
eight  feet.  The  materials  of  which  the  bed  is  composed 
have  a  special  characteristic  attaching  to  them,  and  one 
which  serves  to  show,  to  some  extent,  the  source  from  whence 
the  band  was  derived  before  being  laid  down  by  the  sea  which 
once  covered  them.  Under  a  microscope  the  particles  of 
sand  are  ascertained  to  be  of  a  regular  crystalline  form, 
altogether  unlike  the  rounded  grains  of  sands  of  which,  for 
instance,  the  Brighton  sands  are  composed.  Now  in  Belgium 
there  is  a  wide  extent  of  country,  the  surface  of  which  is 
composed  of  primary  crystalline  rocks,  containing  a  large 
proportion  of  quartz,  which  is  exactly  the  same  as  sand 
and  flint  in  its  chemical  composition.  This  fact,  together 
with  the  fact  stated  above,  that  the  sands  are  thickest  in 
the  east  and  thin  out  to  the  west,  serves  to  show  that  the 
sea  denuded  the  crystalline  rocks  and  washed  the  quartz 
westward,  laying  it  down  where  we  now  see  it,  but  only 
transporting  the  material  in  diminishing  quantities  to  the 
west,  the  beds  altogether  dying  out  beyond  Richmond. 
There  are  some  sand  pits  at  Charlton,  near  Woolwich, 
where  it  has  a  thickness  of  some  50  feet.  Large  quan- 
tities are  there  quarried  and  shipped  as  ballast  by  vessels 
going  down  the  Thames.  The  vertical  clifl'  caused  by  these 
quarrying  operations  shows  us  the  topmast  layer  of  the 
chalk  at  its  base,  whilst  between  the  two  is  a  thin  layer, 
perhaps  six  inches  thick,  of  flints.  This  layer  is  no  doubt 
owing  to  the  soft  chalk  having  been  washed  away,  the 
heavier  fiints  being  left  behind  by  the  water  which  denuded 
the  chalk. 

At  Charlton  the  beds  known  as  the  Woolwich  series  (5) 
arc  also  well  developed.  Similarly  they  are  to  be  seen  in 
full  force  at  Castle  Cliff,  Newhaven,  and  at  Scaford.  The 
most  remarkable  feature  about  these  beds  is  that  they 
include  layer  above  layer  of  shells,  packed  tightly  together 
in  a  matrix  of  clay.     When  a  mass  of  this  is  dried  it  bears 
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a  close  resemblance  to  the  shell-marble  found  in  the  Weald, 
and  known  as  Sussex  or  Petworth  marble.  Much  of  the 
shell-sand  used  largely  in  London  for  spreading  over 
garden-paths  is  obtained  from  these  beds. 

The  Oldhaven  Beds,  next  to  be  mentioned,  are  recog- 
nisable at  once  in  the  neighbourhood  of  London.  In  a 
matrix  of  clayey  sand  are  contained  large  quantities  of 
rounded  pebbles  not  larger  than  a  hen's  egg,  and  generally 
smaller.  These  pebbles  are  noticed  in  large  numbers  in 
Greenwich  Park.  Blackheath  itself  sometimes  gives  its 
name  to  the  series,  whilst  those  who  have  visited  Croham 
Hurst,  to  the  south  of  Croydon,  cannot  but  have  noticed 
the  quantities  of  pebbles  which  are  trodden  under  foot. 

All  these  formations,  however,  sink  into  insignificance 
beside  the  deposit  of  London  Clay  (3),  which,  in  some 
places,  is  as  miach  as  90  feet  thick.  In  the  London  Basin 
it  covers  a  great  part  of  the  surface,  and  it  is  also  to  be 
found  in  full  force  in  Hampshire,  extending  beyond  the 
Solent  into  the  Isle  of  Wight.  Looking  at  a  geological 
map  of  the  country  one  cannot  help  being  struck  by  a 
conviction  that  these  deposits  were  once  continuous  with 
each  other,  and  that  the  whole  of  the  area  between  Hamp- 
shire and  the  Thames  has  since  been  so  completely  washed 
away  that  now  not  a  trace  is  to  be  found  in  that  part  of 
the  country.  The  character  of  the  fossils  which  the 
London  Clay  affords,  at  once  point  it  out  to  have  been 
deposited  in  a  sea  perhaps  quite  as  deep  as  that  which  in 
a  pre\'ious  age  had  laid  down  the  chalk.  Most  of  the  low 
hills  around  London  are  formed  of  this  clay,  such  as 
Shooter's  Hill,  the  Sydenham  Hills,  Primrose  Hill,  &c. 
The  London  Clay  is  a  very  stiff  clay,  and  is  imper\-ious  to 
water,  consequently  the  surface  is  always  more  or  less 
damp,  although  the  effects  of  this  are  greatly  modified  in  a 
large  part  of  South  London,  owing  to  a  subsequent  depo- 
sition of  gravel  above  it. 

After  the  London  Clay  had  been  gradually  accumulating 
for  many  ages  beneath  the  ocean,  the  bed  of  the  sea  came 
to  be  gradually  upheaved,  until  at  last  it  appeared  as  dry 
land,  the  greater  part  of  what  are  now  the  British  Isles 
probably  partaking  in  the  upheaval.  Thus,  during  the 
Miocene  age  which  followed,  no  deposits  were  laid  down 
in  the  neighbourhood  of  Loudon,  although  during  the 
succeeding  Pliocene  age  the  coast-line  again  approached 
sufficiently  near  to  allow  of  the  deposition  by  the  sea  of 
those  beds  known  on  the  Norfolk  and  Sufi'olk  coasts  as 
the  Coralline  and  Red  Crags.  A  gradual  declension  of 
climatal  temperature  had  been  going  on  since  the  tropical 
times  of  the  London  Clay,  through  the  sub- tropical 
Miocene  age,  and  the  temperate  Pliocene  era,  until  now  at 
the  ushering  in  of  Pleistocene  times,  the  climate  was  not 
far  short  of  arctic,  and  indeed  the  coimtry,  as  it  then 
was,  soon  became  covered  by  an  extensive  ice-sheet,  and 
glaciers  came  sliding  down  from  the  higher  grounds 
bringing  with  them  the  rocks  of  their  place  of  origin,  and 
depositing  their  burdens  as  they  melted  in  places  far 
removed  from  the  land  of  their  birth. 

In  the  North  of  England  the  result  has  been  that  thick 
banks  of  clay  known  as  "  boulder  clay  "  and  •'  till "  have 
been  formed,  whilst  imbedded  in  them  have  been  found  a 
few  species  of  shells  of  a  distinctly  arctic  character,  and 
such  as  are  not  now  found  on  the  English  coasts  at  all. 
In  the  north  of  London,  on  the  hills  of  Hampstead  and 
Highgate,  a  capping  of  this  boulder  clay  is  to  be  found, 
the  valley  of  the  Thames  being  a  rough  boundary  corre- 
sponding to  the  southernmost  edge  of  the  sphere  of  glacial 
influence. 

At  last  the  glacial  epoch  passed  away,  and  with  the 
melting  of  the  ice-sheet  the  laud  became  raised  above  the 
level  of  the  sea.     Tiie  Thames,  charged  with  an  increased 
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volume  of  water,  cut  its  way  through  the  beds  which 
surrounded  it,  and,  deriving  large  quantities  of  flints 
from  the  existing  Eocene  pebble  beds,  it  proceeded  to 
scatter  them  along  its  banks,  and  to  deposit  them  in  the 
then  lower  reaches  of  the  river,  thus  giving  rise  to  those 
wide  tracts  of  "gravel  and  sand"  (2)  which  cover  so 
large  an  area  in  South  Loudon.  These  gravel  deposits 
must  not  be  confounded  with  certain  gi-avel  beaches  and 
terraces  which  occur  in  the  north  of  London  and  which 
owe  their  origin  to  the  glacial  conditions  already  referred 
to  as  also  giving  rise  to  the  boulder  clays. 

In  approaching  London  from  the  east,  as  soon  as  we  get 
clear  of  a  line  drawn  from  Greenwich  through  Lewisham, 
and  extended  southward,  we  leave  all  the  outcrops  of  the 
London  tertiaries  behind,  with  the  exception  of  one,  viz., 
the  London  Clay.  This  important  formation,  together  with, 
in  some  parts,  the  river  gravels,  constitute  almost  the 
whole  of  South  London  between  the  imaginary  line  we 
have  drawn,  and  a  western  boundary  which  we  may  fix  as 
far  west  as  Kingston  and  AVimbledon.  The  eastern  part  of 
Wimbledon  Common  is  London  Clay,  and  on  the  west  the 
gravels  are  well  developed.  Tooting  Common  is  situated 
on  the  clay.  North  Brixton  and  Clapham  are  mostly  built 
upon  gravel,  although  in  the  latter  place  the  clay  shows 
itself  largely  at  Clapham  Park.  Sydenham,  the  Crystal 
Palace,  and  Forest  Hill  are  built  upon  clay,  but  both  north 
and  south  of  the  Palace  there  are  two  patches  of  gravel  on 
the  summit  of  the  hills.  Think  of  the  time  when  the 
river  was  sufliciently  broad  to  deposit  this  gravel,  about  six 
miles  from  the  present  river  !  Continuing  eastward,  we 
find  a  thick  bed  of  gravel  following  the  valley  of  the  Siver 
Eavensbourne,  identical  in  direction  with  the  Lewisham 
Road,  and  reaching  to  the  south  of  Bromley. 

North  of  these  jjlaees,  and  between  them  and  the  river, 
the  surface  consists  of  "  gravel  and  sand,"  except  of  course 
in  the  immediate  \icinity  of  the  river.  This  would  seem 
to  show  that  the  river,  previous  to  laying  down  the  gravel, 
destroyed  a  great  part  of  the  tertiaries,  leaving  only  a  part 
of  the  London  Clay  exposed,  and  then  with  the  denuded 
fragments  deposited  the  pebbles  in  the  form  of  gravel. 

Thus  the  work  of  destruction  arjd  denudation  went  on 
side  by  side  with  that  of  construction,  the  two  actions  to 
some  extent  counterbalancing  one  another. 

It  is  a  strikmg  fact  that  the  next  formation — that  of  the 
Alluvium  (1) — although  found  to  so  great  an  extent  below 
London  Bridge,  is  scarcely  found  at  all  above  it,  and  this 
is,  indeed,  very  likely  to  have  been  the  cause  of  the  choice 
of  site  on  which  the  city  was  built.  Over  a  large  part  of 
Bermondsey  there  appears  this  thick  bed  of  river  mud, 
whilst  in  the  bed  of  the  river,  eastward  fi'om  London  Bridge, 
an  important  fault  appears  to  have  occurred,  so  that  the 
strata  on  the  north  of  the  river  have  sunk  down  to  a  lower 
level  than  those  on  the  south.  The  result  of  this  fault  was 
that  the  river  spread  itself  over  a  wide  tract  of  land  on  the 
north,  and  in  prehistoric  times  deposited  alluvium  wherever 
it  went.  Even  now  the  level  is  considerably  lower  than 
that  on  the  south,  and  consists  principally  of  wide  stretches 
of  marsh  land. 


THE  FACE  OF  THE  SKY  FOR  NOVEMBER. 

By  Herbert  Sadler,  F.E.A.S. 

THERE  is  no  diminution  in  the  increase  of  the  number 
of  solar  spots  and  faculre.  The  following  are  con- 
veniently observable  minima  of  some  Algol-type 
variables  {rf.  "Face  of  tlie  Sky"  for  October). 
U  Cephei. — November  2nd,  Oh.  11m.  a.m.  ;  Novem- 
ber 6th,  llh.  60m.  p.m.  ;  November  11th,  llh.  30m.  p.m.  ; 


November  16th,  llh.  10m.  p.m.  ;  November  21st,  lOh. 
50m.  P.M.  ;  November  26th,  lOh.  29m.  p.m.  Algol. — 
November  2nd,  llh.  30m.  p.m.  ;  November  .^th,  8h.  9m. 
P.M.  ;  November  8th,  5h.  7m.  p.m.  ;  November  2.5th, 
lOh.  Im.  p.M  ;  November  28th,  6h.  49m.  p.m.  X  Tauri.— 
November  2nd,  midnight ;  November  0th,  lOh.  53m.  p.m.  ; 
November  10th,  9h.  45ra.  p.m.  ;  November  14th,  8h.  37m. 
P.M.  ;  November  18th,  7h.  29m.  p.m.  ;  November  22nd, 
6h.  23m.  P.M.  ;  November  26th,  5h.  15m.  p.m. 

With  the  exception  of  Jupiter  and  Neptune,  none  of  the 
planets  are  well  situated  for  observation  by  the  amateur  in 
November.  Mercury  is  practically  invisible  as,  though  he 
sets  on  the  last  day  of  the  month  at  4h.  40m.  p.m.,  or  46 
minutes  after  the  Sun,  his  tremendous  southern  declina- 
tion (25f°)  will  preclude  observation.  The  same  may  be 
said  of  Venus,  setting  as  slie  does  on  the  30th  at  41i.  55m. 
P.M.,  or  Ih.  Im.  after  the  Sun,  with  a  southern  declination 
of  24°  19'.  Mars  does  not  rise  on  the  last  day  of  the 
month  till  3h.  39m.  a.m  ,  and  Saturn  not  till  Ih.  6m.  a.m. 
Jupiter  is  stOl  a  magnificent  object  in  the  evening  sky, 
setting  on  the  1st  at  Ih.  15m.  a.m.,  with  a  southern  declination 
of  9^  48',  and  an  apparent  equatorial  diameter  of  44^". 
On  the  last  day  of  the  month  he  sets  at  llh.  26m.  p.m., 
with  a  southern  declination  of  9°  15',  and  an  apparent 
equatorial  diameter  of  40J".  The  phasis  on  the  preceding 
limb  of  the  planet  is  now  very  perceptible,  amounting  at 
the  end  of  the  month  to  /j;  of  a  second  of  arc.  The  fol- 
lowing phenomena  of  the  satellites  occur  before  midnight, 
whUe  Jupiter  is  more  than  8^  above,  and  the  Sun  8°  below, 
the  horizon.  On  the  1st,  an  eclipse  reappearance  of  the 
first  satellite  at  7h.  37m.  53s.  On  the  2nd  an  occultation 
disappearance  of  the  second  satellite  at  7h.  39m.  p.m. 
On  the  3rd  an  eclipse  reappearance  of  the  third  satellite  at 
5h.  27m.  25s.  p.m.  On  the  4th,  a  transit  egress  of  the 
second  satellite  at  5h.  38m.  p.m.,  and  of  its  shadow  at 
8h.  2m.  P.M.  On  the  6th,  a  transit  ingress  of  the  third 
satellite  at  llh.  10m.  p.m.,  and  an  occultation  disappear- 
ance of  the  first  satellite  at  llh.  34m.  p.m.  On  the  7th,  a 
transit  ingress  of  the  first  satellite  at  8h.  42m.  p.m.,  of  its 
shadow  at  9h.  57m.  p.m.,  and  a  transit  egress  of  the  satellite 
at  llh.  Im.  P.M.  On  the  8th,  an  occultation  disappearance 
of  the  first  satellite  at  6h.  2m.  p.m.,  and  an  eclipse  reap- 
pearance of  the  satellite  at  9h.  33m.  32s.  p.m.  A  transit 
egress  of  the  first  satellite  at  5h.  29m.  p.m.  on  the  9th  ;  a 
transit  egress  of  its  shadow  at  6h.  44m.  p.m.  ;  a  transit 
ingress  of  the  shadow  of  the  fourth  satellite  at  7h.  27m. 
P.M. ;  an  occultation  disappearance  of  the  second  satellite 
at  lOh.  7m.  p.m.  ;  a  transit  egress  of  the  shadow  of  the 
fourth  satellite  at  llh.  6m.  p.m.  On  the  10th,  an  eclipse 
disappearance  of  the  third  satellite  at  6h.  21m.  17s.  p.m., 
and  a  reappearance  at  9h.  28m.  55s.  p.m.  On  the  11th,  a 
transit  ingress  of  the  second  satellite  at  5h.  15m.  p.m.,  a 
transit  ingress. of  its  shadow  at  7h.  50m.  p.m.;  a  transit 
egress  of  the  satellite  at  8h.  8m.  p.m.,  and  of  its  shadow  at 
lOh.  40m.  P.M.  On  the  14th,  a  transit  ingress  of  the  first 
satellite  at  lOh.  34m.  p.m.  On  the  15th,  an  occultation 
disappearance  of  the  first  satellite  at  7h.  55m.  p.m.  On 
the  16th,  a  transit  ingress  of  the  first  satellite  at  5h.  3m. 
P.M.,  of  its  shadow  at  6h.  22m.  p.m.  ;  a  transit  egress  of 
the  satellite  at  7h.  21m.  p.m.,  and  of  its  shadow  at  8h.  40m. 
P.M.  On  the  I7th,  an  eclipse  reappearance  of  the  first 
satellite  at  5h.  58m.  3s.  p.m.  ;  an  occultation  reappearance 
of  the  first  satellite  at  6h.  23m.  p.m.  ;  an  occidtation  reap- 
pearance of  the  third  satellite  at  8h.  21m.  p.m.  ;  an  echpse 
disappearance  of  the  third  satellite  at  lOh.  23m.  32s.  On 
the  18th,  a  transit  ingress  of  the  second  satellite  at  7h.  47m. 
p.m.,  of  its  shadow  at  lOh.  28m.  p.m.  ;  and  a  transit  egress 
of  the  satellite  at  lOh.  41m.  p.m.  On  the  20th,  an  echpse 
reappearance  of  the  second  satellite  at  7h.  23m.  26s.  p.m. 
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On  the  21st,  a  ninth  magnitude  star  will  be  situated  a  few 
seconds  of  arc  north  of  the  planet,  actual  conjunction  with 
the  centre  taking  place  at  about  5h.  p.m.  On  the  22nd,  a 
transit  ingress  of  the  first  satellite  at  6h.  56m.  p.m.,  of  its 
shadow  at  8h.  18m.  p.m.  ;  a  transit  egress  of  the  satellite 
at  9h.  15m.  p.m.,  and  of  its  shadow  at  lOh.  35m.  p.m. 
On  the  24th,  an  eclipse  reappearance  of  the  first  satellite 
at  7h.  53m.  43s.  p.m.  ;  and  an  occultation  disappearance 
of  the  third  satellite  at  8h.  48m.  p.m.  On  the  25th,  a 
transit  egress  of  the  shadow  of  the  first  satellite  at  oh.  4m. 
P.M.  ;  and  a  transit  ingress  of  the  second  satellite  at 
lOh.  22m.  p.m.  On  the  2fjth,  a  transit  egress  of  the  shadow 
of  the  fourth  satellite  at  6h.  18m.  p.m.  On  the  27th,  an 
eclipse  reappearance  of  the  second  satellite  at  lOli.  Om.  45s. 
p.m.  On  the  28th,  a  transit  egress  of  the  shadow  of  the 
third  satellite  at  7h.  40m.  p.m.  On  the  29th,  a  transit 
egress  of  the  shadow  of  the  second  satellite  at  5h.  14m. 
p.m.  On  the  30th,  a  transit  ingress  of  the  first  satellite  at 
Hh.  52m.  P.M.,  and  of  its  shadow  at  lOh.  13m.  p.m.  .Jupiter 
is  stationary  on  the  3rd,  and  after  that  pursues  a  short 
direct  path  in  Aquarius,  but  without  approaching  any  naked 
eye  star. 

Neptune  is  admirably  situated  for  observation,  coming 
into  opposition  with  the  Sun  on  the  last  day  of  the  month 
at  a  distance  from  the  earth  of  about  2680^  millions  of 
miles.  He  rises  on  the  1st  at  5h.  53m.  p.m.,  with  a 
northern  declination  of  20°  6'  and  an  apparent  diameter  of 
2-7".  On  the  3t)th  he  rises  at  3h.  51m.  p.m.,  with  a 
northern  declination  of  19°  59'.  He  describes  a  short  re- 
trograde path  in  Taurus,  to  the  N.W.  of  s  Tauri.  A  map 
of  the  stars  down  to  10|  magnitude  near  his  path  will  be 
found  in  the  Kw/lisli  Mechanic  for  October  16th,  1891. 

November  is  a  very  favourable  month  for  shooting  stars. 
The  most  marked  displays  are  the  Lcaiiids  on  November 
13th  and  14th,  the  radiant  point  being  in  R.A.  lOh.  Om., 
northern  declination  23°.  The  radiant  point  rises  at  about 
lOh.  15m.  P.M.  The  Andromedes  occur  on  the  27th,  the 
radiant  point  being  in  R.A.  Ih.  40m.,  northern  declina- 
tion 4.3°. 

The  Moon  is  new  at  6h.  33m.  p.m.  on  the  1st ;  enters 
her  first  quarter  at  8h.  46m.  a.m.  on  the  9th  ;  is  full  at 
Oh.  16m.  A.M.  on  the  16th  ;  and  enters  her  last  quarter  at 
8h.  26m.  A.M.  on  the  23rd.  She  is  in  perigee  at  l-2h. 
A.M.  on  the  14th  (distance  from  the  earth,  225,015  miles), 
and  in  apogee  at  8-8h.  p.m.  on  the  25th  (distance  from 
the  earth,  251,690  miles).  The  greatest  eastern  libration 
is  at  3h.  Om.  a.m.  on  the  7th,  and  the  greatest  western 
at  7h.  16m.  p.m.  on  the  9th.  There  will  be  a  very  line 
total  eclipse  of  the  Moon  on  the  night  of  the  15th  and 
early  morning  of  the  16th.  The  first  contact  with  the 
penumbra  is  at  9h.  37m.  p.m.  on  the  15th  ;  with  the  shadow 
(at  55°  from  the  northernmost  point  of  the  Moon's  limb 
towards  the  east,  direct  image)  at  lOh.  35m.  p.m.  ;  begin- 
ning of  total  phase,  llh.  37m.  p.m.  on  the  15th  ;  middle  of 
the  eclipse.  Oh.  19m.  a.m.  on  the  16th  ;  end  of  total  phase, 
Ih.  Om.  A.M.  on  the  16th  ;  last  contact  with  the  shadow 
(at  95°  from  the  northernmost  point  towards  the  west)  at 
2h.  3m.  A.M.  on  the  16th  ;  last  contact  with  the  penumbra 
at  3h.  Im.  a.m.  on  the  16th.  The  magnitude  of  the 
eclipse  (Moon's  diameter  —  1),  1-386. 


<!Ei)css  Column. 

By  C.  D.  LococK,  B.A.O.\on. 

All  communioatuins  for  this  column  should  be  addressed 
to  the  "  Chess  Editor,  Knuwlcdijc  Ojlicc,"  und  posted  before 
the  lOth  of  each  month. 


Solution  of  Problem  No.  4  {by  J.  Oehgnist)  1.  Q  to  E8, 
K  to  Q3  ;  2.  Kt  to  B7  ch.  etc.,  anything  else  ;  2.  Kt  to  Q7 
ch.,  etc.  The  above  was  a  prize  problem  in  a  recent 
tournament  of  the  Helsingfors  Chess  Club. 

Correct  Solutions  from  : — K,  Alpha,  H.  S.  Brandreth, 
M.  B.  (Jesmond),  C.  T.  Blanshard,  C.  S.,  Giu.  Pianissimo, 
J.  G.  Ellis,  T.  A.  Earl,  W.  T.  Hurley,  W.  E.  B.,  R.  W. 
Houghton,  Betula,  G.  F.,  R.  T.  M.,  A.  Rutherford,  F.  R., 
J.  Taylor,  R.  W.  Compton,  andT.— (20coiTect,  1  incorrect.) 

T. — Your  solution  is  counted  correct,  though  it  is  barely 
legible.     Could  you  not  rectify  this  in  future  ? 

C.  T.  lHunshiird.—'M&ny  thanks  ;  but  got  your  letter  too 
late  to  make  use  of  ticket. 

G.  F. — The  Centre  Counter  Gambit  is  undoubtedly  the 
best  defence  when  receiving  the  odds  of  QKt. 

C'.  ,S'. — The  revised  position  is  a  great  improvement,  but 
there  seems  to  be  no  mate  after  1.  .  .  B  to  Ksq.  Should 
be  glad  to  insert  when  sound. 

J.  Tayhir. — No  mistake  was  noticed.  2.  Kt  to  B3  is 
equally  good  after  1  ...  P  to  Kt3. 


PROBLEM  (No.  5). 
By  D.  R. 


^  t  # 


White. 

White  to  pl.ay,  and  mate  in  three  moves. 


The  attention  of  competitors  is  called  to  the  following 
amended  rule  : — "  Should  a  problem  admit  of  more  than 
one  key-move,  ticit  additional  points  will  be  awarded  for 
each  discovery  of  such  key-move  in  the  case  of  two-move 
problems,  and  four  additional  points  in  the  case  of  other 
problems.  The  same  number  of  marks  will  be  deducted 
should  any  such  claim  prove  incorrect." 

Leading  Solvers'  Scores. 


Alpha 

22 

R.  T.  M 

22 

W.  E.  B.    ... 

22 

A.  Ruthei-ford     

22 

W.  T.  Hurley 

22 

T .. 

22 

K 

..     22 

J.Taylor     

22 

Giu.  Pianissimo... 

22 

Betula 

18 

T.  A.  Earl 

..     22 

T.  E.  Kerrigan  ... 

14 

F.  R 

.     22 

E.B 

14 

R.  W.  Houghton 

..     22 

J.  Landau  

14 

G.  F 

..     22 

J.  G.  Ellis 

14 

c.  s ... 

22 

Wliite  Knight 

14 

M.  B.  (Jesmond) 

..     22 

H.  S.  Brandreth 

11 

C.  T.  Blanshard 

..     22 

Mr.  T.  E.  Kerrigan  has  unfortunately  been  compelled 
to  retire  owing  to  illness. 
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CHESS   INTELLIGENCE. 


Another  tournament  is  in  progress  at  Simpson's  Divan, 
101,  Strand.  The  players  are  the  same  as  in  the  previous 
competition,  with  the  exception  that  Mr.  EoUand  talies  the 
place  of  Mr.  Lee.  Messrs.  Tinsley  and  Loman  have  made 
the  best  start.  The  former  did  not  sustain  his  reputation 
in  the  former  tournament,  which  was  won  by  Mr.  Loman. 
The  latter  player  has  recently  won  the  first  prize  in  the 
National  Tournament  at  Amsterdam. 

Mr.  Blackburne  played  H  games  blindfold  at  the  C  ity  of 
London  Club,  on  October  5th,  winning  5,  drawing  2,  and 
losing  1.  Playing  simultaneously  at  the  same  club  on 
October  9th,  he  won  16,  dr-ew  8,  and  lost  1. 

For  the  "  Chess  Plai/ei-'s  Annual  and  Cluh  T>iii(tor(j, 
1892,"  the  authors,  Mr.  and  Mrs.  T.  B.  Eowland,  11, 
Victoria  Terrace,  Clontarf,  Dublin,  invite  the  following 
particulars  of  chess  clubs  : — Town,  club  name,  year  estab- 
lished, place  of  meeting,  days,  hours,  number  of  members, 
annual  subscription,  laws,  president,  hon.  secretary's  name 
and  address.     Printed  forms  will  be  had  on  application. 

Game  played  at  the  late  Oxford  meeting  of  the  Counties' 
Chess  Association. 


White 


[Hungarian  Defeuc 


(H.  W.  Trent-hard). 

1.  P  to  K4 

2.  Kt  to  KB3 

3.  B  to  B-t 

4.  P  to  Q4 

5.  KtxP  (rt) 

6.  B  toK2  (i) 

7.  P  to  KBl 

8.  Castles 

9.  QKt  to  B3 

10.  P  to  KE8  (rf) 

11.  B  to  K3 

12.  Q  to  Ksq 

13.  Kt  to  B3  («) 

14.  Kt  to  Kt5 

15.  BxKt 

16.  Q  to  K2 

17.  QR  to  Ksq  (li) 

18.  Kt  to  B3  (i) 

19.  P  to  B5  (?) 

20.  Q  to  B2 

21.  BxP 

22.  PxKt 

23.  P  to  Kt4  (!) 

24.  Kt  to  K2 

25.  P  to  KB4  (!) 

26.  Kt  to  B3 

27.  Q  to  Q2  (!) 

28.  Kt  to  Q5ch 

29.  P  to  KtSch 

30.  E  to  Ktsq 

31.  K  to  E2 

32.  E  to  Kt6ch  ! 

33.  P  to  B4ch  {,<) 

34.  Q  to  KKt2ch 

35.  Q  to  Kt5ch 

36.  Q  to  Q5ch 

37.  Q  to  B3ch 

38.  E  to  Qsq  ch 

39.  Q  X  Qch,  and  wins 


(B.  Thorokl). 

1.  P  to  K4 

2.  Kt  to  QB3 

3.  B  to  K2 

4.  PxP 

5.  Kt  to  K4  (?) 

6.  P  to  Q3 

7.  Kt  to  Kt3 

8.  Kt  to  B3 

9.  P  to  KR4  (?)  [c) 

10.  P  to  B3 

11.  Q  to  B2 

12.  B  to  Q2 

13.  P  to  E5  ( /•) 

14.  Kt  to  E4 

15.  ExB 

16.  E  to  E3  ('/) 

17.  Q  to  E4 

18.  E  to  Esq 

19.  Kt  to  K4 

20.  Castles  (QE)  (j) 

21.  KtxKtch 

22.  K  to  B2 

23.  Q  to  K4  [k) 

24.  P  to  B4  (/) 

25.  QxKP 

26.  Q  to  B.5  (in) 
'21.  B  to  KB3 

28.  K  to  B3 

29.  Q  X  P  (,r) 

30.  B  to  Q5  ch  (!) 
81.  Q  to  E5  («) 

32.  KxKt 

33.  K  to  K5 

34.  KxP 

35.  K  to  K5 
30.  K  to  Q6 

37.  B  to  K6  (/)) 

38.  QxE 


Notes. 

(«)  P  to  B3  is  also  good.  Black  cannot  take  the  PawTi 
on  account  of  the  reply  Q  to  Q5. 

(6)  Too  defensive.  There  is  nothing  to  fear  ft-om  6.  B  to 
Kt3,  P  to  QB4  ?  ;  7.  Kt  to  Bo,  P  to  Bo  ;  8.  Kt  to  Q6ch, 
etc. 

('■)  Black  has  a  bad  game,  but  this  unseasonable  attempt 
at  counter-attack  does  not  improve  it.  He  would  do  better 
to  Castle  and  retire  his  Knights. 

((/)  Partly  -with  a  N-iew  to  his  next  move,  partly  to  pre- 
vent B  to  Kt5,  which  would  free  Black's  game  a  little. 
Black  has  now  practically  nothing  to  do. 

(«')  To  prevent  Black's  castling  (QE).  It  seems  a  pity, 
however,  to  move  the  Knight  vet.  He  might  play  QR  to 
Qsq,  and  if  Black  Castle  (QE),"then  P  to  QKt4. 

I  /)  An  ingenious  reply.  White  gains  nothing  by  14. 
P  to  B5  ?,  Kt  to  K4  ;  15.  Kt  x  P,  Kt  x  P,  etc. 

[fj)  Much  better  retire  all  the  way.      Vide  move  18. 

[h)  Not  very  intelligible.  He  should  play  Q  to  B2  first, 
at  any  rate,  and  decide  afterwards  where  he  wants  the 
Eook.  Some  plavers  would  be  tempted  by  17.  KtxKBP, 
KxKt;  18.  P  to"  B5,  Kt  to  K4  ;  19.  B  x  R,  PxB;  20. 
Q  to  Eoch ;  but  Black's  two  Bishops  might  eventually 
prove  too  strong. 

(()  There  is  no  necessity  to  retire.  He  might  amend  his 
last  move  by  R  to  Qsq.  This  and  his  next  move  were  pro- 
bably made  under  pressure  of  the  time -limit. 

(J)  There  is  no  point  in  this  sacrifice.  He  might  play 
Kt  X  Kt,  followed  by  B  to  B3,  or  B  to  Qsq. 

(A)  If  23.  .  .  .  QxKtP,  24.  R  to  Ktsq;  winning  the 
Queen  or  Mating.  Mr.  Treuchard  on  his  next  move  rejects 
B  to  Kt6ch,  which  would  leave  him  with  R  and  Kt  against 
two  Bishops  {(■/(/('  March  No.),  while  Black  might  get  some 
counter-attack,  beginning  with  P  to  KKt3. 

(/)  Here  R  to  Rsq  is  certainly  better.  If  then  25.  P  to 
QB4  (threatening  B  to  Q4),  P  to  QB4. 

()»)  Q  to  Q5.  Either  now  or  next  move  would  obviously 
lose  a  piece. 

(.(•)  After  29.  ...  K  X  P,  30.  R  to  Kt  sq  ch,  K  to  E3  ; 
White  mates  in  five  moves. 

(w)  If  Q  to  B5,  White  mates  in  three  moves. 

(o)  Very  pretty.  If  Q  x  P,  mate  follows  on  the  move  ;  if 
KxP,  in  three. 

{p)  Black's  moves  are  all  forced.  If  37.  ...  K  to  Q7. 
88.  E  to  Kt2  ch  ! 

Mr.  Trenchard's  play  fiom  the  23rd  move  is  a  fine 
exhibition  of  vigour  and  accuracy. 
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BRITISH    MOSSES.* 

By  the  Et.  Hon.  Lord  Justice  Fry,  F.R.S. ,  F.S.A.,F.L.S. 

LORD  BACON  thought  that  a  Moss  was  "  but  a 
rudiment  between  putrefaction  and  a  herb." 
Mr.  Ruskin  thought,  and  perhaps  thinks  (he  is  at 
war,  he  tells  us,  with  the  botanists),  "  that  tlie 
pineapple  is  really  a  Moss."  People  popularly 
talk  of  Club- Mosses  and  Stag-Mosses.  Now  all  these 
usages  of  the  word  may  be  useful  to  us  when  we  begin  to 
think  about  Mosses,  if  we  will  make  the  right  use  of  them, 
/.I'.,  if  we  will  absolutely  reverse  them.  A  Moss 
is  not  a  rudiment  between  a  putrefaction  and  a 
herb,  but  a  delicately,  exquisitely  organized 
plant.  No  possible  stretch  of  the  conception  of 
a  Moss  can  make  it  include  a  pineapple  any 
more  than  an  elephant ;  and  the  stag  and  club- 
Mosses  of  popular  speech  belong  to  a  group  of 
plants  quite  different  from  the  Mosses,  and  of  a 
far  higher  organization. 

What  then  is  a  Moss'?  'i'his  is  a  cpiestion 
not  to  be  hastily  answered,  and  will  1  think  be 
best   answered    at    the    end    and    not    at   the 


beginning  of  this  paper.  If  you  are  working  deductively, 
your  definitions  may  come  at  the  beginning;  but  if  by 
patient  investigation  into  natural  facts,  beware  of  starting 
with  definitions — they  ought  to  be  the  ripest  fruit  of  your 
longest  labour. 

Vegetable  productions  are  commonly  divided  into  two 
great  groups  :  those  which  possess  obvious  blossoms,  or 
Phanerogams,  and  those  which  possess  no  obvious  blossoms, 
or  Cryptogams.  The  Cryptogams  are  again  divided  into 
two  great  groups — those  whose  structure  is  built  up  of  cells 
without  regularly  formed  vessels,  such  as  sea  weeds,  fungi 
and  lichens,  the  cellular  Crj-ptogams;  and  those  which,  like 
the  ferns  and  the  club-Mosses,  possess,  in  addition  to  cells, 
regularly  formed  vessels  ;  these  are  known  as  Vascular, 
Cryptogams. 

This  brief  explanation  will  be  enough  to  enable  the 
reader  to  learn  from  the  following  table,  which  is  arranged 
in  an  ascending  rank,  something  as  to  the  position  of  the 
Mosses  in  the  vegetable  kingdom,  and  the  principal  gi'oups 
into  which  they  may  be  divided  : — 


TABLE 

Series. 


A. 


Vascular 

Cryptogams 


rPleurocarpae 
I  Acrocarpse 


(  Stegocarpse 
\  CleistocariJEe 


Hypnnm 

PolytricUiun 

Pliascum 


muBcnese  Unomaleffi       *  ^cuizocan^se      Ana™a 

J  .a.u^^iini.ic(c       -^  Holocari>ae  Archidjum 

',  ii.  Spliagnacese 

I  "••  *lei»"ceffi.  I  jiarchantiacea; 

Algffi,  &c.       [ 

From  this  table  it  will  be  gathered  that  the  Mosses, 
using  that  word  in  its  wide  signification,  stand  at  the  head 
of  the  cellular  cryptogams,  and  that  above  them  are  the 
vascular  cryptogams,  of  which,  as  I  have  already  said,  the 
ferns  are  one  of  the  best-known  groups.  From  these 
vascular  cryptogams  the  Mosses  are,  however,  separated 
by  a  distance  which  Goebel  has  described  as  a  chasm  "  the 
widest  with  which  we  are  acquainted  in  the  whole  vegetable 
kingdom."  Perhaps,  however,  at  some  future  time  it  may 
be  found  that  even  over  this  gulf  Nature  has  thrown  some 
slender  bridge. 

From  the  table  it  will  be  further  seen  that  the  larger 
group  of  the  Muscineie  divides  itself  into  three  principal 
smaller  groups  :  the  Hepaticea^  or  liverworts,  the  Sphag- 
nacese  or  turf  Mosses,  and  the  Musci  or  true  Mosses — Urn- 
Mosses,  as  they  have  been  called,  from  the  form  of  their 
capsule.  These  three  divisions  the  Germans  conveniently 
name  as  Leber-Moose,  Torf-Moose,  and  Laub-Moose. 

Now  I  wdl  ask  the  reader  to  look  at  the  column  under 
the  word  "  Series."  The  PleurocarpiB  or  Pleurocarpous 
Mosses  are  those  which  carry  their  capsules  on  stalks  pro- 
ceeding from  the  sides  of  the  axis  of  growth  ;  the 
Acrocarpje  or  Acrocarpous  Mosses  are  those  which  bear 
these  capsules  on  the  top  of  their  axis  of  growtli.     This 


Ruv 


Tl,i~    ,.: 
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distinction  will  be  readily  understood  bycompaiing  Fig.  1, 
wliich  is  a  Pleurocarpous  Moss,  with  Figs.  "2  and  3,  which 
represent    an    Acrocarpous 
.,  a.  Moss ;    in    the    former    it 

yi  ,-■'     '  will  be  seen  that  the  axis, 

J ^r  or    line    of    growth,    is 

iS  horizontal,      that      the 

/  »'     c  "  plant,  in  short,  grows  along 

■         /'  ,-•        ,j       the  ground,  whilst  in   the 
Crr/.  ^         I      (y/  '^'  latter  the  direc- 

tion of  growth 
is  vertical. 
Again,  in  the 
former  the 
capsules  c  c 
are  seen  car- 
ried on  stallis 
originating 
from  the  pria- 
^^        cipal       stem, 

f  whilst  in  Fig. 

2  the  capsule 
W  a  crowns   the 

a  line  of  growth. 

%  This     dis- 

.||  tinction  in  the 

mode  of  carry- 

FlG.  3.— Polytriohum  :  Hale 
Plant.  After  Dillenius. 
a.  Male  Blussom. 

ing  the  capsule  is  one  of 
great  importance  in  the  clas- 
sification of  Mosses,  and 
the  student  who  desires  to 
begin  to  learn 
them  should  pay 
early  attention 
to  it.  Often  it 
is  perfectly  easy 
of  apphcation, 
but  inter- 
mediate 
forms  oc- 
cur which 
are  puz- 
zles, and 
goto  show 
that  the 
chasm 
between 
the  two  forms 
over  in  Nature. 
Ltfe-Hhtoiy. — I  propose  now  to  trace  the  life-history  of 
a  Moss  in  its  most  complete  com-se  of  life,  and  I  shall  then 
show  how,  in  many  cases,  this  course  is  abbreviated.  It 
will  be  found  that  the  full  cycle  of  Ufe  may  be  indicated 
in  the  foUo^dng  circular  form  : — 

^  so  that,  starting  with  a  spore 

I  -,.,,^^  of     one      generation,      and 

j/^"^    X     ^\  travelling  to  our  right  hand, 

we  return  to  another  spore 
which  will  give  rise  to  a  new 
circle  of  life. 

(1)  The  spore  is  a  simple 
cell  ;  how  produced  we  shall 
hereafter  see.      It  is,  I  say, 
a  simple  cell,  and  not  like  the 
seed  of  a  phanerogam,  a  highly  complex  organism.     The 


Fig.  4.  —  Spore 
of  Funariu 
hygrometrica. 

After  Schimper. 


spores  are  often  seen  to  be  emitted  in  vast 
numbers  from  the  cases  in  which  they  are 
produced,  and  sometimes  are  brightly 
coloured — red,  green,  or  yellow.  Fig.  4 
represents  (highly  magnified)  the  spore  of 
a  common  Moss,  the  Fuuaria  hygrome- 
trica. 

(2)  From  the  spore  proceeds  the  proto- 
nema,  a  line  of  cells,  extending  by  transverse  divisions,  so  that 
it  comes  to  consist  of  single  cells  joined  end  to  end  to  one 
another— an  organism  indistinguishable  from  the  hypha  of 
an  Alga.  At  points  this  hypha  throws  off  lateral  branches, 
which  are  always  of  less  diameter  than  the  principal  ones. 
There  is  thus  produced  a  tangled  mat  of  fibres,  running  on 
or  near  the  surface  of  the  ground,  and  often  coloured  by 
chlorophyll.  This  is  the  green  stufl:'  so  often  seen  in 
flower-pots  which  have  been  allowed  to  get  too  damp. 
At  points  in  the  primary  hypha  cells  begin  to  divide  in  a 
new  fashion — not  by  transverse  septa  as 
before,  but  by  septa  differently  inclined,  so 
as  to  produce  the  rudiments  of  leaves ;  and 
the  direction  of  growth  changes  from  hori- 
zontal to  vertical.  Thus  is  formed  (3)  the 
bud,  which  by  growth  gives  rise  to  (4)  the 
Moss  plant. 

This  course  of  development  is  illustrated 
by  Figs.  5   and   6.      Fig.  5   shows  at  a 
the  remains  of  the  cell  which  has  burst 
in    emitting    the    hypha,   or   cellular   projection   to    the 
right.     Fig.  6  shows  the  same  plant  further  advanced  in 


Fig.  5  —  Spore 
with  young 
Protonema. 

After   Schimper. 


Fig.  2. — Polytrichum :  an  Acrocar- 
pous Moss  Female  Plant,  after 
Dillenius.  ar.  Positiou  of  arche- 
gone.  s.  Seta.  a.  Capsule  and 
appendages,  o  and  c'.  Capsule. 
o.  Operculum,     cal.  Calypfera. 


bridged 


Sporogone 


Moss  Plant. 


Protonenia. 


Bud. 


Fig.  6. — Protonema  with,  a  a,  young  Moss  Plants  forming  on  it ;  r, 
Ehizoids  or  Kootlets.     After  Schimper. 

life  ;  the  hypha  has  been  divided  into  numerous  cells  by 
the  transverse  septa  or  walls  ;  lateral  branches  have  grown. 
Two  letters  a  will  be  observed  on  the  diagram.  .\t  the 
left  hand  a  the  divisions  of  the  cells  have  assumed  a  new 
inclination  so  as  to  cut  the  cells  into  rudimentary  leaves, 
and  we  have  the  first  promise  of  the  Moss  plant.  At  the 
right  hand  a  we  have  another  Moss  plant  in  a  far  more 
advanced  stage,  showing  distinct  traces  of  leaves,  and  having 
thrown  out  rootlets  (c)  downwards.  The  Moss  plant  when 
mature  assumes  generally,  but  not  universally,  a  form  refer- 
able to  one  or  other  of  the  two  types  already  described,  either 
the  pleurocarpous  form  shown  by  Fig.  1  or  the  acrocarpous 
foi-m  shown  in  Fig.  2.  This  Moss  plant  is  a  structure  of  very 
considerable  complexity,  and  often  of  great  beauty  of  form. 
Sometimes  it  assumes' the  hkeness  of  some  of  the  smaller 
and  more  deUcate  ferns  ;  but  very  rarely  would  it  be 
taken  for  a  flowering  plant,  even  by  a  casual  observer. 

The    Moss   plant    produces    organs   with    two   distinct 
functions,  comparable   the   one   to  the  pistil  and   ovary, 
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Fig.  7.  —  Arcliesonc 
greatly  magnified. 
c.  Canal,  o.  Oo- 
spliere.  After  Brr- 
kolcv. 


and  the  other  to  the  stamens  including  the  anthers 
of  a  flowei-ing  plant.  The  organ 
correspoiuling  -n-ith  the  pistil  is  called 
the  archegoniiini  or  arcliegone  ;  the 
organs  corresponding  ■nith  the  stamens 
the  antheridia  or  antherids.  The  arche- 
gone  is  a  flask-shaped  organ,  which 
ultimately  produces  a  specialized  cell, 
known  as  the  oosphere,  at  the  bottom 
of  the  flask,  the  neck  of  which  is  per- 
forated by  a  canal.  This  organ  is 
usually  surrounded  by  circles  of  leaves, 
often  larger  and  almost  always  different 
in  form  from  the  ordinary  leaves  of  the 
Moss.  The  ordered  arrangement  of 
these  leaves  produces  something  like  a 
flower,  and  is  known  as  the  pericha?- 
tium,  i.e.,  the  surroundings  of  the 
couch.  If  the  reader  will  tin-n  to  Figs. 
1  and  2,  and  note  the  letters  a  r, 
they  will  indicate  the  situation  of  the 
archegone  before  it  gave  rise  to  the 
capsule. 

Fig.  7  will  show  an  archegone, 
with  the  canal,  c,  and  the  oosphere,  o. 
The  male  organs  are  known  as 
antherids.  Fig.  8  shows  an  antherid, 
a  long  bag-like  cell,  surrounded  by  fila- 
ments, sometimes  club-shaped,  called 
paraphyses.  These  are  usually  associated  in  groups,  and 
surrounded  by  specialized  leaves,  often  in  the  shape  of 
a  rosette,  and  when  (as  sometimes)  they 
are  highly  coloured  they  present  the  „•  _..,,- 
aspect  of  small  but  beautilul  tlowers. 
Fig.  3  exhibits  a  male  plant  of  one  of 
our  common  Mosses,  the  Polytrichum, 
terminating  in  the  rosette-shaped  flower 
of  a  scarlet  colour,  composed  of  the 
antherids,  the  paraphyses,  and  the 
specialized  leaves.  The  large  beds 
of  these  short  stiff  male  plants  of 
Polytriclium,  which  may  often  be  seen 
in  the  spring  of  the  year,  are  objects 
of  great,  but,  I  fear,  often  neglected, 
beauty. 

The  antherids  burst  and  give  out  swarms  of  small 
bodies,  known  as  antherizoids,  con- 
sisting of  roundish  cells  containing  in 
the  interior  a  spiral  thread,  which 
produces  a  rotatory  movement  in  the 
containing  cell.  Fig.  9  represents  such 
antherizoids.  These  little  bodies  find 
their  way  to  the  canals  of  the  archegone, 
pass  down  it,  and  enter  the  oosphere, 
and  so  effect  that  union  of  two  in- 
dependent cells  which  produces  fertili- 
zation. 

(To  be  continued. ) 


FiG.S.— Antlierid.a, 
with   Paraphyses, 
P-       "=:  K«-aping 
Antherizoids. 
After  Bcrliclev. 


Fio.  9.  Antheri- 
zoids, showing 
spiral  threads. 
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A  GOSSIP  ON  GHOST-NAMES. 

By  Canon  Isaac  Tavlok,  M..\.,   LL.D.,  Lin.l).. 
AkIIiui-  of  ''  Words  ((ml   I'Idccs,"  dr. 


A 


(1001)  many  words  have  crept  into' our  dictionaries 
w  hich  are  not  words  at  all,  having  arisen  from  un- 
corrected misprints,  Uie  blunders  of  scribes,  or  the 
mistakes  of  compositors  in  deciphering  the  illegible 
manuscripts  of  authors.     Such  words  have  been 


well  designated  by  Professor  Skeat  as  Ghost-words.  But 
Professor  Skeat  has  said  nothing  about  what  may  be 
called  Ghost-names,  which  are,  perhaps,  more  numerous 
than  Ghost-words,  inasmuch  as  in  a  manuscript,  however 
badly  written,  the  context  gives  some  clue  to  an  un- 
decipherable word,  whereas  in  the  case  of  a  name  there  is 
no  such  aid.  Hence  we  find  on  our  maps  not  a  few  names 
which  are  properly  not  real  names,  but  merely  blunders 
which  pass  for  names. 

Not  long  ago  I  happened  to  be  present  at  the  birth  of  a 
Ghost-name.  Crossing  the  Bay  of  Biscay  from  the  south 
in  one  of  the  boats  of  the  P.  &  C,  a  passenger  inquired 
when  we  should  pass  Cape  Quessant.  Never  haung  heard 
of  such  a  cape,  1  asked  him  where  it  was.  He  took  me 
into  the  smoking  room,  where  a  well-thumbed  atlas, 
belonging  to  the  ship,  lay  upon  a  table,  and  he  pointed  to 
the  name  of  Cape  Quessant  at  the  extreme  western  corner 
of  Brittany.  An  examination  of  the  map  led  to  the 
removal  of  a  tiny  speck  of  du-t  at  the  bottom  of  the  first 
letter  of  the  name,  and  Cape  Quessant  reappeared  as  Cape 
Ouessant,  the  usual  French  spelling  of  the  name,  often 
written  Ushant  in  English  books. 

Several  Ghost-names  have  arisen  in  this  way  from 
misreadings  of  the  manuscripts  of  classical  writers.  In 
Scotland  we  have  three  such  names,  those  of  the  Hebrides, 
the  Grampians,  and lona.  The  Western  Isles  of  Scotland 
are  called  the  Hebrides,  a  name  which  has  been  trans 
ferred  by  Captain  Cook  to  the  New  Hebrides  in  the  South 
Pacific.  Much  fruitless  ingenuity  has  been  expended  in 
the  attempt  to  discover  the  etymology  of  the  name.  The 
explanation  is  very  simple.  Before  the  introduction  of 
the  dot  over  the  letter  /  in  the  eleventh  century,  the  letters 
/■/,  in  the  Caroline  Minuscule,  resembled  greatly  the  letter 
u.  Two  early  editions  of  Pliny's  "  Natural  History  "  were 
printed  from  a  manuscript  in  which  the  name  H»b»des 
appeared  as  Hebrides,  and  hence  Hai'brides  was  accepted 
as  the  ancient  name  of  the  ^Vestern  Isles.  That  the 
reading  was  erroneous  is  shown,  not  only  by  better  manu- 
scripts, but  by  a  notice  in  Solinus,  who  speaks  of  the 
Hflmdes  insiihc  (piiiKptc  numero,  and  the  islands  are  caUed 
Ebudre  by  Ptolemy.  The  Ebudes  were  doubtless  so  called 
because  they  lie  around  the  island  of  Ebuda,  now  Bute, 
which  is  the  nearest  to  the  mainland,  and  would  therefore 
be  the  first  to  become  known  to  the  Romans. 

The  second  Scotch  Ghost-name  is  that  of  the  Grampians, 
which  is  given  to  the  backbone  of  Scotland,  extending 
from  Ben  Nevis  to  Ben  Lomond.  The  old  and  correct 
Gaelic  name  was  "  Drumalban,  "  the  Homiin  Alh(ini(r  of 
Latin  writers.  This  use  of  the  name  Grampians  contains 
a  double  blunder.  Tacitus,  in  his  "  Life  of  Agricola," 
chapter  29,  describing  the  victory  of  the  Romans  over 
Galgacus,  tells  us  that  the  Caledonians  were  posted  on  a  hill, 
which  in  all  the  best  manuscripts  appears  as  Mons  Graupius. 
In  one  manuscript  of  small  value,  this  name  Graupius  appears 
as  (irampius.  The  Scotch  historian.  Hector  Boece,  who 
died  in  1.586,  was  the  first  to  transfer  this  misread  name 
from  the  rising  ground  on  which  the  battle  was  fought  to 
the  central  ridge  of  Scotland.  The  blimder  was  per- 
petuated in  the  celebrated  forgery  published  iu  1747  by 
Dr.  Bertram,  with  the  tiile  Dc  Situ  Britunniir,  professing 
to  be  the  work  of  Richard  of  Cirencester,  a  monk  of 
St.  Peter's  Abbey,  Westminster,  who  died  in  1-100 ; 
Bertram  having  doubtless  made  use  of  the  history  of  Boece 
in  compiling  his  work.  Till  Professor  Mayors  detection  of 
the  forgery.  Richard  of  Cirencester  was  supposed  to  be 
one  of  the  best  authorities  for  early  English  geography, 
and  the  book  was  freely  used  by  tiibbon,  Lingard,  and  other 
writers.  Hence  the  double  blunder  of  transferring  a 
misread  name  from  a  small  hillock  to  the  great  mountain 
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chain  of  Scotland  has  become  so  firmly  rooted  that  it 
seems  impossilile  to  alter  the  usage. 

Too  firmly  established  to  be  now  displaced  is  the  name 
of  lona,  the  little  island  on  which  St.  Columba  founded 
the  monastery  which  was  to  be  the  mother  church  of 
Scotland,  and  from  which  Irish  missionaries  went  forth  to 
convert  the  heathen  nations  of  England,  Germany,  and 
Switzerland.  But  this  name  lona  originated,  as  Dr. 
Reeves  has  proved,  in  the  blunder  of  a  copyist.  The 
island  was  called  I,  Hii,  la,  or  lou,  "  the  island,"  whence 
we  have  the  Mediaeval  name  I-colm-kill,  the  "  Island  of  St. 
Columba's  cell."  Adamnan,  in  his  "  Life  of  St.  Columba," 
speaks  of  loua  Insula,  using  the  adjectival  Latinized 
form  loua  for  lou.  -Some  copyist,  mistaking,  as  he 
easily  might  do,  the  u  for  ti,  wrote  lona  Insula  for  loua 
Insula,  and  hence  the  island  now  appears  on  every  map  as 
lona. 

There  are  many  names  on  our  maps  which  have  arisen 
from  natives  not  understanding  the  questions  put  to  them 
by  inquiring  travellers.  Asking  the  name  of  some  con- 
spicuous object,  a  mountain  or  a  river,  the  native  guide 
replied  in  his  own  language  "  I  don't  know,"  or  "  I  don't 
understand  you,"  phrases  which  have  been  forthwith  jotted 
down  on  the  map  as  the  name  of  the  mountain  or  the  river. 
Thus  the  name  Yucatan,  discovered  in  1517  by  Hernandez 
de  Cordoba,  was  long  supposed  to  be  the  native  designation 
of  the  country.  The  native  name,  however,  is  Maya,  and 
Yucatan  is  evidently  a  Ghost-name.  Now  in  the  Maya 
language  tirliam  means  "  I  don't  understand  you,"  and 
jucatan  means  "  What  do  yon  say  ?  "  Evidently  the  name 
Yucatan  must  have  arisen  from  one  of  these  answers, 
probably  the  latter,  being  given  by  the  native  who  was 
questioned  by  Hernandez  as  to  the  name  of  the  country. 

The  vast  State  of  Texas,  whose  area  is  greater  than  that 
of  France  and  England  put  together,  also  bears  a  Ghost- 
name  of  similar  origin.  When  Father  Damian  visited  the 
coast  at  the  end  of  the  17th  century  he  asked  a  chief  of  the 
native  tribe  of  the  Assinaes  who  they  were.  The  chief, 
misunderstanding  him,  replied  te.rin,  a  "  good  friend," 
which  Father  Damian  supposed  to  be  the  tribal  name,  and 
hence  the  Assinaes  came  to  be  called  the  Texas  Indians, 
and  this  imaguiary  tribe-name  was  adopted  as  the  name 
of  the  territory. 

The  name  of  the  great  Canadian  dominion  is  also  believed 
to  have  originated  in  a  misunderstood  answer  to  a  mis- 
understood question.  Wlien  Cartier,  the  French  explorer, 
first  sailed  up  the  St.  Lawrence,  it  would  seem  that, 
stretchmg  out  his  hand,  he  asked  a  native  the  name  of  the 
country.  He  replied  "  Canada,"  a  name  by  which  the 
country  has  since  been  known.  We  now  know  that  Kanata 
is  a  Red  Indian  designation  for  a  village,  or  collection  of  wig- 
wams, and  the  native  must  have  thought  that  Cartier  had 
pointed  to  some  group  of  huts,  and  had  asked  what  it  was 
called.  Canada,  therefore,  is  itself  a  Ghost-name.  Or  take 
the  name  of  the  great  State  of  Indiana.  It  was  so  called 
because  it  had  been  a  reservation  for  the  Red  Indians.  The 
American  aborigines  acquired  the  name  of  Indians  because 
Columbus,  when  he  discovered  the  New  World,  imagined 
that  he  had  reached  some  islands  lying  off  the  coast  of 
India,  which  he  called  the  "  Antilles,"  a  Spanish  word, 
meaning  the  "  islands  in  front,"  being  supposed  by 
him  to  be  islands  lying  in  front  of  India.  Hayti  he 
identified  with  .Japan,  and  Cuba  with  China.  Columbus 
died  in  the  belief  that  all  the  lands  he  had  discovered 
belonged  to  Asia ;  and  the  delusion  long  survived. 
Thus  there  is  a  \illage  near  Montreal  called  "  La  Chine  " 
(China).  It  bears  the  name  of  a  house  so  called,  erected 
by  La  Salle  in  1G66,  which  he  named  "  La  Chine,"  in  the 
belief  that  the  Mississijipi,  which    he   was  preparing  to 


explore,  flowed  into  the  Pacific,  and  that  it  would  be 
possible,  by  descending  it,  to  reach  China  and  .Japan. 

Even  the  name  America  may  almost  be  called  a  Ghost- 
name,  certainly  so  in  the  sense  in  which  citizens  of  the 
United  States  call  themselves  "  Americans."  Columbus 
believed  that  some  of  the  lands  he  had  discovered  formed  a 
part  of  India,  and  hence  they  received  the  names  of  "  India 
Major"  (Greater  India),  or  of  "  Indias  Occidentales  "  (the 
West  Indies),  which  still  cleaves  to  the  islands  where 
Columbus  first  touched  land  in  1492.  Five  years  later,  in 
1497.  the  Englishman  John  Cabot  reached  Newfoundland, 
which  he  called  "  Prima  Vista,"  the  land  "  first  seen.''  andhe 
then  coasted  southwards  as  far  as  Florida.  Hence  the  name 
of  Newfoimdland,  which  he  gave  to  the  continent  he  had  dis- 
covered, was  long  used  in  England  to  denote  the  whole  of 
North  America,  till  at  length  it  was  restricted  to  the  land 
first  reached  by  Cabot.  In  1.500  the  Portuguese,  under 
Cabral,  reached  South  .\merica,  which  was  named  "  Terra 
da  Santa  Cruz  "  (the  "  Land  of  the  Holy  Cross  ").  A  few 
years  later  South  America  acquired  the  name  of  "  Terra 
do  Brazil,"  the  land  of  a  dye-wood,  hmzil,  so  called 
because  it  produced  the  colour  of  glowing  charcoal  (hrma). 
According  to  Amerigo  Vespucci's  own  account,  he  sailed, 
in  a  subordinate  capacity,  between  1497  and  1.504,  with  an 
expedition  which  discovered  a  small  part  of  the  coast  near 
the  mouth  of  the  Orinoco.  What  part  (if  any)  Amerigo 
Vespucci  took  in  the  discovery  of  the  New  World  is  still  a 
matter  of  controversy.  However,  in  a  book  on  geography, 
published  in  le07,  the  name  of  "  Americi  Terra"  ithe 
'•Land  of  Americus")  was  proposed  by  WaldseemiiUer 
for  that  portion  of  the  coast  which  Vespucci  claimed  to 
have  visited,  but  at  this  time  it  was  not  known  that  North 
America,  or,  as  it  was  then  called,  Newfoundland,  belonged 
to  the  same  continent — in  fact,  a  strait  is  shown  on  early 
maps  in  place  of  the  Isthmus  of  Panama.  This  form, 
America,  is  found  on  a  map  published  in  1.522,  but  the 
name  seems  to  have  been  unknown  to  Girava,  a  Spaniard, 
who  observes  in  his  "  Cosmographia,"  published  in  1570, 
that  India,  or  the  "  New  World,"  was  called  by  some 
persons  "India  Major"  (Greater  India),  to  distinguish  it 
from  "  India  Oriental,"  or  "  East  India."  The  name  of 
America,  as  a  designation  of  the  New  World,  seems  to  have 
become  popular  mainly  owing  to  its  adoption  in  the  great 
atlas  of  ()rtellius.  published  in  1570.  Even  in  1608, 
Acosta,  in  his  "  History  of  the  Indies,  "  prefers  the  old 
Spanish  name  of  the  Indies  to  the  new  term  America. 
Thus  it  appears  that  for  about  a  century  the  five  names, 
Newfoundland,  the  Indies,  Brazil,  the  New  World,  and 
America  struggled  for  existence,  the  ultimate  choice  of  the 
name  America  being  largely  due  to  the  supposed  fitness 
of  a  name  analogous  to  tliose  of  the  three  continents  of 
the  Old  World.   ' 

The  name  of  Australia,  the  last  of  the  continents 
to  be  discovered,  also  arose  out  of  a  strange  mis- 
conception. The  early  geographers  supposed  that  the 
two  hemispheres  must  contain  a  nearly  equal  quantity  of 
land,  in  order  to  prevent  the  world  from  overbalancing  by 
reason  of.  the  greater  weight  of  the  Northern  Hemisphere. 
Hence  they  placed  on  their  maps  a  vast  conjectural 
southern  continent  which  they  termed  Terra  Australis 
Incognita,  the  •'  undiscovered  southern  land."  When  at 
last  Austraha  became  Itnown,  the  Terra  Australis  Incognita 
became  Terra  Australis,  and  it  was  only  in  1814  that 
Flinders,  in  his  book  entitled  "  A  Voyage  to  Terra 
Australis,"  modestly  observes  in  a  footnote  :  "  Had  I 
permitted  myself  any  innovation  upon  the  original  term,  it 
would  have  been  to  convert  it  into  Australia,  as  being  more 
agreeable  to  the  ear,  and  an  assimilation  to  the  name  of 
the  other  great  portions  of  the  earth."     The  suggestion  of 
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Flinders  has,  however,  happily  been  adopted,  and  is  a  more 
rational  name  than  those  of  Europe,  Asia  and  Africa,  which 
originally  denoted  only  three  small  plains  ;  the  plain  round 
Thebes,  the  plain  round  Ephesus,  and  the  plain  round 
Carthage. 

('I'll  lie  nmtinui'iL] 


SOME  PRACTICAL  APPLICATIONS  OF 
ELECTRICITY. 

By  .J.   .T.   Stewaet  ifniiiu'ilij   I iiiinui.stnitiir  nj    I'hi/.sirs 

lit.    ['nh-i-rsilif    Ciilli'i/r,    London). 

[CanthiHi'il  f'roiii  piuje  175.) 

III. — Arc  Lamps. 

ABOUT  the  year  1802,  Sir  Humphry  Davy,  by 
sending  an  electric  current  from  a  powerful 
voltaic  battery  of  2000  cells  through  two  sticks 
of  wood  charcoal  placed  a  short  distance  apart, 
obtained  a  brilliant  discharge  between  the  two 
charcoal  points.  The  rush  of  Electricity  produced  a  bright 
stream  of  light,  shaped  like  a  bow,  in  the  interval  between 
the  ends  of  the  charcoal,  and  hence  the  name  of  "  Voltaic 
Arc "  was  given  to  it  by  Davy.  Some  years  later  he 
exhibited  the  eifect  before  an  audience  at  the  Eoyal 
Institution.  Of  course,  the  soft  charcoal  was  rapidly 
disintegrated,  and  from  this  cause,  and  also  on  account  of 
the  great  expense  at  which  it  was  produced,  when  the 
battery  of  cells  was  the  only  available  means  of  generating 
the  current,  this  first  example  of  the  electric  light  could 
not  be  applied  to  any  practical  or  commercial  use. 

It  was  only  when  the  introduction  of  dynamo  machines 
rendered  possible  the  production  of  powerful  currents  at 
comparatively  small  cost  that  there  was  any  prospect  of 
Electricity  being  used  for  purposes  of  illumination.  Those 
to  whom  we  owe  the  first  production  of  the  electric  arc  do 
not  seem  to  have  had  much  expectation  that  it  would 
prove  a  general  means  of  obtaining  artificial  light,  and  in 
a  description  of  the  voltaic  arc,  published  so  late  as  the 
year  1880,  it  is  described  as  painfully,  and  even  dangerously 
intense,  and  is  said  to  dazzle  rather  than  illuminate. 

When  a  strong  current  of  Electricity  forces  its  way 
across  a  gap  in  a  metallic  wire  which  it  is  traversing, 
the  air  in  the  space  between  the  ends  of  the  conductor, 
opposing  as  it  does  a  great  resistance  to  the  passage  of 
the  current,  is  raised  to  a  very  high  temperature,  minute 
particles  of  the  metal  of  the  wire  are  driven  off,  and  these, 
wuth  any  dust  which  may  be  ni  the  air,  are  raised  to  a 
white  heat,  and  thus  a  luminous  bridge  is  formed  between 
the  two  broken  ends  of  the  wire.  The  heat  generated  in  a 
conductor  in  a  given  time  by  the  passage  of  a  current  of 
Electricity  is  proportional  to  the  square  of  the  current  and 
to  the  resistance  of  the  conductor.  When  the  current 
remains  the  same  the  heat  produced  varies  simply  with 
the  resistance.  In  the  above  case  the  resistance  of  the 
wire  conveying  the  current  is  small,  while  that  of  the  air 
gap  is  very  groat  ;  thus  there  is  little  heat  developed  in  the 
wire  itself,  but  at  the  break  in  the  circuit  where  the  current 
passes  through  air  the  heat  developed  is  very  great,  being 
suflBciont  to  make  white-hot  the  air  and  metallic  vapour  in 
its  patli.  No  metallic  conductors  would  be  durable  enough 
to  allow  of  a  permanent  arc  being  set  up  between  them  ; 
it  is  only  with  an  infusible  substance  such  as  carbon  that 
this  can  be  done.  The  source  of  the  light  in  the  electric 
arc  is  in  the  incandescent  particles  of  carbon  driven  oft'  from 
the  carbon  poles.    The  first  step  in  the  progress  to  the  useful 


application  of  the  arc  was  the  employment  of  hard  carbon, 

taken  from  the  deposit  whicli  forms  inside  the  gas  retorts 
during  the  manufacture  of  coal  gas.  Pencils  of  this 
material  employed  instead  of  Davy's  soft  charcoal  gave 
a  much  more  permanent  arc,  but  the  light  was  still 
uncertain  and  liable  to  much  flickering,  owing  to  inequali- 
ties in  the  substance  of  the  carbon. 

The  voltaic  arc  is  not  an  example  of  disruptive 
discharge,  as  in  the  case  of  the  spark  from  an  ordinary 
electric  machine  or  Leyden  jar,  but  seems  rather  to  be  an 
instance  of  conduction,  the  air  at  the  high  temperature  to 
which  it  is  raised  becoming  a  conductor  of  Electricity. 
Thus,  also,  when  once  the  arc  has  been  started  between 
the  carbon  points,  they  may  be  removed  to  a  greater 
distance  apart  without  the  disappearance  of  the  arc.  The 
passage  of  incandescent  particles  of  carbon  from  one 
terminal  to  the  other  can  be  shown  by  throwing  a  magni- 
fied image  of  the  heated  points  on  to  a  screen  by  means  of 
a  lens.  On  observing  the  image  thus  produced  particles  are 
seen  to  be  traversing  the  arc,  sometimes  in  one  direction 
and  sometimes  in  the  other,  but  mostly  from  the  positive 
to  the  negative  carbon.  The  positive  carbon  wears  away 
twice  as  rapidly  as  the  negative  one.  Its  end  becomes 
hollowed  out  into  a  crater-like  cavity,  while  the  negative 
carbon  preserves  its  pointed  appearance.  When  the  carbon 
points  are  placed  in  a  vacuum,  this  difi'erence  in  behaviour 
is  more  marked.  The  image  of  the  points  projected  on  the 
screen  will  also  show  the  appearance  of  round  globules  at 
the  sides  of  the  glo\\'ing  carbons  ;  these  are  due  to  melted 
portions  of  silica  and  other  impurities  in  the  carbon. 

The  voltaic  arc  excels,  both  in  temperature  and  bright- 
ness, all  other  artificial  sources  of  heat,  and,  by  its  means, 
some  of  the  most  refractory  substances,  which  had  resisted 
all  other  attempts  to  melt  them,  have  been  fused  and  some 
volatilized. 

However,  a  large  proportion  of  the  rays  emitted  do  not 
affect  the  eye  as  light,  and  thus  a  considerable  part  of  the 
energy  in  the  arc  is  wasted  for  the  purpose  to  which  it  is 
to  be  applied,  that  of  illumination.  In  fact,  we  as  yet  know 
of  no  artificial  method  of  economically  producing  energy  in 
the  form  of  waves  of  light ;  a  notable  portion  of  the  energy 
we  get  seems  necessarily  expended  in  generating  the  dark 
heat  rays,  and  those  ultra-violet  rays  which  do  not  produce 
the  effect  of  light  to  our  eyes.  The  only  really  economical 
light  known  where  nearly  all  the  energy  is  obtained  in 
luminous  waves,  is  that  of  the  humble  spark  of  the  glow- 
worm ;  in  this  the  heat  is  negligibly  small  and  the 
luminous  part  marvellously  great. 

The  arc,  like  other  conductors  conveymg  currents,  is 
acted  on  by  magnets,  and  by  using  a  powerful  magnet  the 
arc  may  be  driven  out  to  one  side  and  made  to  take  a 
pointed  form  like  a  blow-pipe  flame. 

One  of  the  principal  factors  iu  the  production  of  a  good 
and  steady  light  from  the  voltaic  arc  is  the  use  of  carbons 
of  a  compact  and  uniform  structure.  The  production  of 
such  carbons  is  the  object  with  many  manufacturers,  most 
of  whom  observe  considerable  secrecy  as  to  the  actual 
methods  they  employ.  In  one  form  of  carbon  the  stick  is 
pierced  along  its  length  to  form  a  tube,  which  is  afterwards 
closed  at  one  end  and  filled  up  by  a  solution  of  certain 
materials  containing  in  suspension  a  fine  powder  of  the 
same  sort  as  that  which  composes  the  original  rod.  This 
is  driven  in  under  high  pressure,  and  has  as  its  result  the 
displacing  of  the  gases  which  are  contained  in  the  carbon, 
and  which  it  is  important  to  remove.  The  hollowed  carbon 
rod  is  in  this  way  by  degrees  tilled  «p,  and  at  length  a  very 
compact  sort  of  carbon  is  obtained. 

As  an  example  of  the  methods  used  to  obtain  a  suitable 
carbon,  the  process  employed  iu  the  manufacture  of  Carre's 
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carbons,  whicli  are  amongst  the  best,  may  be  mentioned. 
These  carbons  are  made  from  tlie  following  ingredients : 
15  parts  of  jiurc  very  finely  powdered  coke,  5  parts  of 
calcined  lamp  l)laek,  with  7  to  8  parts  of  a  syrup  made 
from  cane  sugar  and  gum.  This  mixture  is  made  into  a 
paste  with  water,  pressed,  and  then  forced  through  a  die 
which  gives  to  the  rods  the  form  and  size  required ;  after- 
wards they  are  repeatedly  baked  at  a  high  tempei-ature. 
After  one  bakmg  the  rods  are  plunged  into  a  hot  and 
concentrated  syrup  of  sugar,  in  which  they  are  left  some 
time,  taken  out  and  again  immersed  until  they  are 
thoroughly  saturated  with  the  liquid.  After  washing  and 
drying,  a  similar  process  is  gone  through  again  until  the 
carbons  are  as  dense  as  is  required.  They  are  then  dried 
for  a  prolonged  period  in  stoves,  the  result  being  an 
excellent  and  tough  form  of  carbon. 

During  the  working  of  the  lamp  the  two  carbon  rods 
gradually  consume  away,  and  the  mechanism  of  the  various 
forms  of  arc  lamp  is  contrived  to  bring  up  and  keep  the 
carbon  poles  at  the  requisite  distance  from  each  other,  so 
that  a  steady  and  unvarying  arc  may  continue  between 
them.  As  the  positive  carbon,  as  has  been  said,  con- 
sumes away  twice  as  fast  as  the  other,  it  must  be  moved 
up  towards  the  negative  carbon  with  double  its  speed, 
and  the  distance  between  the  carbon  points  must  be  kept 
approximately  uniform.  There  are  various  devices  in  use 
for  attaining  this  object,  and  without  going  into  complete 
details,  one  of  the  forms  of  Crompton's  lamp  may  be 
taken  as  a  specimen.  This  is  one  of  the  examples  which 
gives  the  best  results  and  avoids  the  flickering,  which  is 
apt  to  be  the  great  fault  of  arc  lamps.  In  Crompton's 
apparatus,  here  described  (which  is  one  of  his  earlier  forms, 
but  may  serve  as  an  illustration  of  the  general  methods 
adopted),  the  weight  of  the  upper  carbon  and  its  holder 
acts  as  a  motive  power,  which  sets  a  tram  of  wheelwork  in 
action,  and  causes  the  carbons  to  move  towards  each  other 
in  proportion  as  they  are  worn  away  by  disintegration  of 
the  carbon  points.  The  operation  of  "  striking  the  arc  " 
is  the  following  : — The  upper  carbon  descends  through  its 
own  weight,  touches  the  lower  carbon,  and  the  current 
passes  through  the  circuit.  In  the  circuit  is  an  electro- 
magnet, and,  as  the  current  passes  round  it,  this  imme- 
diately attracts  a  plate  of  metal  which  has  a  spring 
attached  to  it,  and  this  causes  the  train  of  clockwork, 
which  was  set  in  motion  by  the  falling  upper  carbon,  to 
set  off  in  a  reverse  direction  and  raise  the  carbon  again  to 
a  certain  distance,  thus  forming  the  arc.  When  the  arc 
has  reached  a  suitable  length  and  the  current  attained  a 
certain  strength,  the  spring  attached  to  the  armature  of  the 
electro  magnet  presses  against  a  wheel  in  the  clockwork  and 
stops  its  motion.  When  the  current  becomes  weaker  owing 
to  lengthening  of  the  arc  the  electro-magnet  also  de- 
creases m  strength,  and  a  spiral  spring  which  is  attached 
to  its  armature  causes  it  to  rise  and  leave  the  magnet,  and 
this  causes  the  stoppage  of  the  clockwork  and  allows  the 
carbons  to  come  nearer  together.  As  the  length  of  the 
arc  is  constantly  tending  to  increase  as  the  carbons  wear 
away,  the  clockwork  is  rarely  at  rest  for  more  than  a 
second  or  two  at  a  time,  but  the  ingenious  device  of  the 
electro-magnet  with  its  armature  regulating  the  motion 
of  the  wheelwork  insures  automatic  adjustment,  and 
thus  produces  a  satisfactory  degree  of  steadiness.  The 
regulation  is  self-acting,  for  the  same  current  which 
produces  the  arc  circulates  round  the  coils  of  the  electro- 
magnet, and  the  variations  in  the  arc  and  the  controlling 
magnet  occur  together.  In  other  forms  of  regulating 
mechanism  which  difl'er  in  detail,  the  electro-magnet  is 
placed  in  a  shunt  circuit,  so  that  when  the  arc  becomes  too 
long  and  its   resistance    increases,   more   of  the   current 


goes  round  the  shunt,  strengthening  the  electro-magnet 
and  causing  it  to  act  so  as  to  produce  the  approach  of 
the  carbons. 

Arc  lamps  are  most  suited  for  out-of-door  illumination 
and  for  lighting  wide  areas.  For  indoor  purposes  the 
incandescent  lamps  are  much  preferable.  The  extent 
lit  by  these  is  more  circumscribed  and  the  light  less 
intense,  which  is  an  advantage  when  they  are  to  be  used 
in  houses.  The  ai>plications  of  arc  lamps  to  various 
purposes  other  than  street-lighting  are  very  numerous  and 
increasingly  so.  Their  use  for  lighthouse  purposes,  where 
the  intensity  and  concentration  of  their  light,  as  well  as 
its  space-penetrating  power,  renders  them  valuable,  as 
also  their  application  to  photography,  in  which  their  rich- 
ness in  the  chemical  rays  is  very  useful,  may  be  mentioned. 
It  is  worthy  of  note  that  the  immediate  source  of  the  light, 
viz.,  incandescent  particles  of  carbon,  is  the  same  whether 
candles,  oil-lamps,  gas,  or '  electric  arc  lamps  are  the 
means  of  illumination. 


ON  HUMAN  PEDICULI.-I. 

Uy  E.  A.  Butler. 

IF  occasional  parasites,  such  as  fleas  and  bugs — crea- 
tures which  simply  visit  our  bodies  at  intervals,  and 
spend  only  a  small  proportion  of  their  lives  actually 
on  our  persons — excite  repugnance  and  disgust,  what 
can  be  said  of  the  feelings  with  which  we  contem- 
plate those  hideous  pests  that  make  men's  bodies  their 
life-long  home,  born  and  bred  thereon,  generation  after 
generation,  living  there  and  there  alone,  and,  as  units  of 
life,  almost,  if  not  entirely  unknown,  apart  from  such 
association  ?  And  yet,  though  cleanly  people  nowadays 
hold  them  in  such  utter  abhorrence  that  they  can  hardly 
be  named  in  polite  society,  they  were  not  always  objects  of 
loathing  and  disgust.  In  former  times  people  were  more 
inclined  to  joke  about  them  than  to  shudder  at  them,  and 
some,  it  is  said,  even  went  so  far  as  to  be  proud  of  their 
guests.  In  Hooke's  "  Miorographia,"  which,  as  we  have 
already  seen,  was  written  some  230  years  ago,  there  is  a 
brief  account  of  the  head-louse,  accompanied  with  an 
enormous  figm-e  representing  a  specimen  magnified  to  the 
length  of  nearly  two  feet.  Hooke  introduces  his  descrip- 
tion with  the  following  highly  suggestive  passage  : — 
"  This  is  a  creature  so  officious,  that  'twill  be  known  to 
every  one  at  one  time  or  other,  so  busie,  and  so  impudent, 
that  it  will  be  intruding  itself  in  everyones  company,  and 
so  proud  and  aspiring  withall  that  it  fears  not  to  trample 
on  the  best,  and  affects  notliing  so  much  as  a  Crown ; 
feeds  and  Uves  very  high,  and  that  makes  it  so  saucy,  as 
to  pull  any  one  by  the  ears  that  comes  in  its  way,  and  will 
never  be  quiet  till  it  has  drawn  blood."  Whatever  we 
may  think  of  the  good  taste  of  this  passage,  and  the  quaint 
conceit  it  contains,  it  is  evident  that  personal  cleanlmess 
was  not  considered  in  the  days  of  the  Stuarts  a  matter  of 
such  vital  importance  as  it  has  come  to  be  regarded  by 
respectable  society  in  the  Victorian  era,  and  visions  of  the 
shady  side  of  domestic  hfe  in  the  time  of  the  "  Merry 
Monarch  "  are  called  up,  which  it  is  as  well  to  draw  a 
veil  over. 

Man  is  not  exceiJtional  amongst  mammals  in  harbouring 
these  vermin,  he  is  but  in  the  same  category  with  the  rest ; 
for  it  seems  to  be  the  rule,  from  elephant  to  mouse, 
largest  to  least,  that  some  member  of  this  group  of 
parasites  should  be  attached  to  each  species,  and  even 
aquatic  mammals,  such  as  the  seal  and  walrus,  do  not 
escape  their  attacks.     But,  just  as  the  human  flea  is  not 
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the  same  as  those  of  other  animals,  so  human  lice  are 
distinct  from  those  which  infest  the  lower  mammalia,  and 
indeed  each  species  of  mammal  may  be  expected  to  have 
its  own  distinct  parasite.  Man,  then,  is  not  exceptional  in 
xittf?n')iii  from  these  parasites,  but  rather  in  having  to 
some  extent,  as  has  taken  place  amongst  civilized  nations, 
shaken  himself  free  from  them. 

Of  these  disgusting  insects  three  species  are  known  to 
infest  human  beings,  the  head-louse  (Fedieulus  cii/titis), 
the  body-louse  (/'.  I'estms/jfi),  and  the  crab-louse  (P/ii/«'ni(s 
im/umalis).  The  first  is  the  kind  that  occurs  most 
commonly,  and  the  last  is  the  rarest.  The  two  Pediculi 
are  very  much  alike,  the  body-louse  being  best  distinguished 
by  the  locality  in  which  it  is  found,  and  by  its  larger  size  ; 
the  Phthiiius  is  very  different  from  both.  Taking  as  our 
type  tlie  commonest  species  (Fig.  1),  we  may  first  note  its 

structural  peculiarities. 
It  is  a  flatfish,  semi- 
transparent  insect,  of  a 
pale  ashy  grey  colour, 
with  a  comparatively 
small  head  and  a  very 
large  body.  The  head, 
which  is  narrowed  in 
front  and  behind, 
carries  a  pair  of  short 
five-jointed  antennre,  a 
pair  of  simple,  rounded, 
unfacetted  eyes,  and 
the  mouth  organs,  of 
which  more  presently. 
Behmd  it  merges  into 
the  thorax,  which 
again  is  not  definitely 
marked  ofi'  from  the 
abdomen,  but  the 
three  pairs  of  legs 
show  how  far  its 
three  segments  extend. 
The  legs  succeed  one 
another  without  in- 
terval, and  the  first 
pair  are  placed  im- 
mediately behind  the  head.  No  wings  of  any  kind 
are  ever  developed,  nor  is  any  trace  of  such  organs 
perceptible ;  hence  some  naturalists  have  questioned 
whether  the  lice  should  be  included  amongst  insects 
at  all.  Not  only  is  the  thorax  considerably  broader 
than  the  head,  but  this  increasing  breadth  is  continued 
into  the  abdomen,  so  that  the  widest  part  of  the 
insect  is  about  half-way  down  the  body.  The  margins  of 
the  abdomen  show  a  scalloped  edge,  there  being  a  series  of 
indentations  where  the  segments  adjoin.  On  each  of  these 
rounded  projections  is  placed  a  small  circular  spiracle,  or 
l)r(<athiiig  hole,  the  terminal  orifice  of  a  short  tracheal 
branch.  Six  spiracles  are  thus  arranged  down  each  side 
of  the  body,  and  all  the  short  branches  from  them  join  a 
great  tracheal  trunk  which  runs  down  each  side  parallel  to 
the  margin.  The  whole  body  is  covered  with  minute 
scattered  hairs,  which  are  sharp-pomted  and  perfectly 
straight. 

The  legs  are  composed  of  the  usual  parts,  but  all  the 
joints  arc  short  and  stout,  giving  an  appearance  of  clumsi- 
ness, and  the  feet  are  extremely  peculiar,  their  remarkable 
structure  formhig  one  of  the  distinctive  characteristics  of 
a  louse.  The  tarsus,  or  foot  proper,  consists  of  two  small 
joints,  the  division  between  which  is  not  very  easy  to  see, 
and  these  are  succeeded  by  a  tcrnunal  appendage  in  the 
form  of  a  single,  curved,  movable  claw  of  large  si/.e,  which 


Fig.  1.— Heiid-Loust  {Pediculus  cap- 
itis). Female,  vieM-ed  from  beneath. 
Magnified  22  diameters. 


is  usually  carried  bent  more  or  less  inwards,  and  is 
capable  of  being  completely  folded  back  upon  the  foot. 
At  the  end  of  the  tibia,  or  shank,  there  is  a  movable 
pointed  prominence,  and  by  means  of  this,  which  acts  as  a 
sort  of  thumb,  and  the  great  claw,  the  insect  is  enabled 
to  exercise  that  strong  grasping  and  clinging  power  for 
which  it  is  noted,  and  which  is  of  great  importance  in 
its  econoiily,  facilitating  its  movements  amongst  the 
hairs  in  the  midst  of  which  its  life  is  spent.  In  the  figiu-e 
one  of  the  claws  is  shown  bent  back  upon  the  "  thumb," 
as  in  the  act  of  grasping.  The  claws  are  very  similar  in 
shape  to  those  of  fleas,  but  differ  in  being  single  on  each 
foot,  instead  of  double. 

In  the  structure  of  the  mouth  organs  again,  lice  are 
exceptional.  When  the  dead  or  inactive  insect  is 
examined,  no  mouth  organs  can  be  seen,  for,  when  not 
in  actual  use,  they  are  retracted  within  the  head.  The 
mouth  is  of  the  suctorial  type,  the  insect  feeding  on  the 
blood  of  its  victims,  to  obtain  which,  an  incision  must  of 
course  be  made  through  the  skin.  But,  in  consequence  of  its 
retractile  character,  there  has  been  a  great  deal  of  difficulty 
in  determining  the  real  structure  of  the  sucking  apparatus, 
and  it  is  necessary  to  carry  out  careful  observations  on  the 
living  or  recently  killed  insect,  before  the  details  can  be 
made  out.  The  old  Dutch  naturalist  Swamm  eidamtook 
great  pains  in  investigating  the  matter,  and  showed  clearly 
that  there  was  a  suctorial  proboscis,  which  could  be  thrust 
out  from  the  head  and  entirely  retracted  again.  But,  as 
he  himself  says,  "  this  proboscis  is,  on  account  of  its 
diminutive  size,  not  to  be  demonstrated  except  with  great 
painstaking,  and  it  is  perhaps  nothing  but  a  piece  of  good 
luck  if  one  succeeds  in  seeing  it."  This  being  the  case,  it 
is  perhaps  not  surprising  that  since  Swammerdam's  time 
some  authorities  have  denied  the  exclusively  suctorial 
character  of  the  apparatus,  and  have  maintained  that  true 
biting  organs  are  present,  whence  they  attributed  the 
irritation  produced  by  the  insects  on  their  hosts  to  the 
effects  of  a  real  pinching  bite.  This,  however,  was  a 
mistake  arising  from  the  fact  that  only  dead  specimens 
were  examined,  and  those  too  imder  pressure,  so  that  the 
apparatus  could  only  be  seen  through  the  skin  as  it  lay 
contracted  inside  the  head,  in  consequence  of  which  it  was 
misinterpreted.  About  t\Yenty-tive  years  ago  Professor 
Schiodte,  a  Danish  naturalist,  by  careful  observations  on 
the  living  insect  (in  this  case  I',  irstimcnti),  confirmed 
Swammerdam's  statements,  and  determined  with  greater 
accuracy  the  true  nature  of  the  proboscis.  He  obtained 
an  abimdant  supply  of  material  from  a  workhouse  (Danish), 
and  having  enclosed  some  specimens  in  a  glass  tube  for 
two  or  three  days  without  food,  so  that  they  might  the 
more  readily  fall  to  when  released  from  confinement,  he 
transferred  one  of  them  to  the  back  of  his  hand  and  pre- 
pared to  watch  its  movements  with  a  lens.  He  thus 
describes  what  followed  : — "  Scarcely  does  the  abominable 
little  monster  feel  the  heat  of  the  skin  before  it  lays 
aside  its  former  disheartened  attitude,  and  begins  to 
feel  at  ease,  its  antennre  oscillate  for  joy,  and  it 
stretches  all  six  legs  complacently  out  from  the  body. 
But  though  the  pleasure  and  surprise  at  the  sudden 
transportation  into  congenial  surroimdiugs  for  the 
first  moment  eclipse  everything  else,  hunger  soon  asserts 
its  claim,  sharpened  as  it  is  by  the  long  fast,  which  has 
rendered  its  stomach  and  intestines  quite  transparent. 
The  animal  raises  itself  on  its  legs,  walks  on  a  few  steps, 
seeking  and  feeling  its  way  with  its  antennie,  while  we 
follow  it  with  the  magnifier.  Presently  it  stops,  draws  in 
its  legs  a  little,  arches  its  back,  bends  the  head  down 
towards  the  skin  at  an  oblique  angle,  while  ii  pushes  a 
small   dark   and  narrow   organ   repeatedly   forward,   and 
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draws  it  back  through  the  fore  end  of  the  head  ;  at  last  it 
stands  still,  with  the  point  of  the  head  firmly  abutted 
against  the  skin."  While  the  animal  was  in  this  position 
he  seized  it  gently  with  forceps,  and  endeavoured  to  detach 
it  from  the  skin,  hoping  thus  to  see  the  extended  proboscis. 
But  in  this  ho  was  disappointed,  for  though  a  slight 
resistance  to  his  efforts  was  experienced,  showing  that  the 
proboscis  had  really  penetrated  the  skin,  yet-  when  the 
insect  was  detached,  no  trace  of  a  proboscis,  or  anything  of 
the  sort,  could  be  seen ;  it  had  instantly  shot  back  into  the 
head,  and  returned  to  the  normal  position  of  rest.  This 
method  therefore  having  proved  ineffectual,  the  experi- 
menter decided  for  a  time  to  confine  his  observations  to 
the  upper  surface  of  the  insect  during  theprogressof  its  meal, 
so  as  to  watch,  through  the  transparent  skin,  the  gradual 
drinking  in  of  the  blood.  Allowing  it  therefore  to  attach 
itself  once  more,  he  sees  "at  the  top  of  the  head,  under 
the  transparent  sldn,  between  and  a  little  in  advance  of 
the  eyes,  a  triangular  blood-red  point  appear,  which  is  in 
continual  movement,  expan- 
sion and  contraction  alternating 
with  increased  rapidity.  Soon 
this  pulsation  becomes  so  rapid 
that  several  contractions  may 
becoimtedinasecond."  Swam- 
raerdam  also  had  noticed  this, 
and  likened  the  rapid  move- 
ments of  this  little  pumping 
machine  to  the  quick  oscillation 
of  the  balance-wheel  of  a  watch . 
Schiodte  continues,  "  the  whole 
digestive  tube  is  now  in  the 
most  lively  peristaltic  move- 
ment, filling  itself  rapidly  with 
blood,  as  is  easily  observed ;  the 
long  (esophagus  is  particularly 
agitating,  throwing  itself  from 
one  side  to  another  inside  tlie 
neck,  bending  itself  so  violently 
as  to  remind  one  of  the  coiling 
of  a  rope  when  being  shipped 
on  deck." 

The  insect  was  now  thoroughly 
hard  at  work,  and  this  was 
therefore  the  opportunity  for 
the  next  stage  in  the  pro- 
ceedings. In  order  to  prevent 
C  C^  "V~--S'T— df-  the  retraction  of  the  proboscis 
II  \        \  which  would  have  followed  the 

I       /     /-~-\    \       \  withdrawal  of  the  insect,  the 

experimenter  determined  to  de- 
capitate it  suddenly,  hoping 
that  thereby  the  proboscis 
might  remain  extruded.  The 
fore  part  of  the  insect  was 
therefore  rapidly  severed  with 
a  i)air  of  fine  scissors  without 
previously  disturbing  it  in  its 
feast.  The  decapitated  head, 
having  been  left  as  it  was  for  a  short  time,  was  then 
gently  raised  with  forceps,  and  the  proboscis  gradually 
withdrawn  ;  the  whole  was  then  transferred  to  a  slip  of 
glass  and  placed  under  the  microscope  without  pressure. 
The  appearance  presented  was  such  as  is  shown  in  the 
accompanying  diagram  (Fig.  2).  A  long  fleshy  tube  was 
depending  from  the  mouth,  at  its  base  was  a  stouter  part 
furnished  at  its  apex  with  a  number  of  hooks,  but  the  rest 
of  the  tube  was  thin,  flexible  and  transparent.  Within 
the  latter  could  be  traced  four  thin  chitLnous  bands,  the 


Fig.  2. — Probo; 
Louse.     (Afb 


representatives  of  the  two  pairs  of  jaws,  the  mandibles 
and  masillffi  of  the  ordinary  insect's  mouth.  Thus  we 
have  an  arrangement  resembling  in  some  degree  that  of 
the  mouth  of  the  bed-bug  and  other  Hemiptera,  a  tubular 
labium  containiug  four  setiB,  the  mandibles  and  maxilhe. 
During  the  prjcess  of  the  extrusion  of  this  apparatus 
the  first  part  to  appaar  is  the  strong  base  of  the  tubular 
labium,  but  the  hooks  are  at  first  inside  the  tube.  They 
can,  however,  be  everted,  and  by  a  continuance  of  the 
same  process  the  membranous  lining  of  the  tube  is 
brought  out  and  forms  the  long  delicate  sucker  which 
constitutes  the  greater  part  of  the  proboscis.  The  labium 
having  been  inserted  into  the  skin,  say  through  a  sweat 
pore,  the  hooks  become  everted  and  hold  the  proboscis 
steady  by  clinging  to  the  tissues  around.  The  piercing 
mandibles  are  then  thrust  out  ;  towards  their  tip  they 
are  united  into  a  tube  from  within  which  the  second  pair 
of  setffi  is  protruded,  similarly  united,  and  terminating  in 
four  small  lobes,  which  seem  to  act  as  feelers.  All  this 
mechanism  can  be  tiirust  out  to  varying  distances,  and 
hence  the  length  of  the  exserted  proboscis  can  be  accom- 
modated to  the  thickness  of  the  skin  of  the  victim  in  the 
particular  plice  in  which  the  animal  is  feeding ;  by  this 
means  the  capillaries  of  the  host  are  at  length  reached, 
when  blood  will  at  once  ascend  the  proboscis,  the  flow 
being  accelerated  and  continued  by  the  vigorous  action 
of  the  pump-like  cavity  in  the  digestive  tube  already 
mentioned. 

But  to  return  to  our  decapitated  head.  The  observer, 
wishing  to  examine  the  structure  of  the  proboscis  under 
a  higher  power  of  the  microscope,  put  it  under  pressure 
for  that  purpose,  when  instantly  the  whole  apparatus 
shot  back  into  the  head,  and  no  further  observations 
could  be  conducted ;  in  this  position  the  two  sides  of 
a  chitinous  band  marked  a  in  the  diagram  look  some- 
thing like  biting  jaws,  and  had  been  mistaken  for  such 
by  those  who  had  not  seen  the  protruded  instrument. 
These  appear  as  a  dark  band  across  the  under  surface  of 
the  head  in  Fig.  1,  which  was  drawn  from  a  specimen 
prepared  for  the  microscope,  and  therefore  more  trans- 
parent than  usual,  and  beneath  them  the  outlines  of  the 
retracted  proboscis  can  be  traced.  Schiodte  had  to  carry 
out  many  other  observations  on  specimens  prepared  in  a 
variety  of  ways  before  the  whole  of  the  details  enumerated 
above  could  be  determined,  and  whoever  wishes  to  verify 
these  results  must  be  prepared  to  exercise  great  patience 
in  the  investigation.  Leeuwenhoek  was  so  much  struck 
with  the  beauty  and  delicacy  of  this  feeding  apparatus, 
even  so  far  as  it  was  known  in  his  time,  that  he  appeals  to 
its  complex  character  as  evidence  that  a  creature  which 
possesses  so  elaborate  a  sucking  pump  could  not  have 
been,  as  was  formerly  believed  to  be  the  case,  spontaneously 
generated  from  "dirt,  sweat,  or  excrements,"  but  must 
have  an  origin  similar  to  that  of  more  highly  organized 
animals. 

('/'»   //(•  rdntiliiU'il.) 


Hcttcts. 


[The  Editor  does  not  hold  himself  responsible   for  the  opinions    or 
statements  of  correspondents.] 


To  the  Editor  of  Knowledge. 

Dear  Sir, — I  beg  to  enclose  for  insertion  in  your  paper 

what  I  claim  to  be  a  fresh  discovery  in  figures,  should  you 

think  it  worthy  of  your  notice.     How  to  tell  by  inspection 

whether  a  number  is  or  is  not  a  perfect  square  or  a  perfect 
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cube  is  made  much  easier  by  knowing  the  following  rule  : — 
"If  the  sum  of  the  digits  in  its  simplest  form  equals  any 
of  the  following  numbers  it  cannot  be  a  perfect  square, 
i.e.,  2,  8,  5,  6  and  8  ;  and  the  number  can  only  be  a 
perfect  cube  when  the  sum  of  its  digits,  reduced  to  its 
simplest  form,  equals  one  of  the  numbers  1,  8  or  9."  It 
is  also  an  interesting  fact  that  the  sum  of  the  digits  of  the 
squares  of  consecutive  numbers  recur  in  the  following 
order — 1  49779419,  and  similarly  the  sum  of  the 
digits  of  perfect  cubes  recur  in  the  order  1  —  8—9. 
Explanatory  Table. 


Number. 

Cube. 

Sum  of  digits. 

Number. 

Cube. 

Svira  of  digit 

13 

1 

1 

rj. 

343 

10=1 

2'5 

8 

8 

&' 

512 

8 

3"' 

27 

9 

9'' 

729 

18=9 

43 

64 

io=r 

10' 

1000 

1 

53 

125 

8 

ir 

1331 

8 

63 

216 

9 

And  so  on  ' 

12' 
(/  iiiiiniUo 

1728 

18=9 

Number. 

Square. 

Sum  ot*  digits. 

Number. 

Squui-e. 

Sum  of  digit 

1^ 

1 

1 

103 

100 

1 

23 

4 

4 

113 

121 

4 

33 

9 

9 

123 

144 

9 

43 

16 

7 

133 

169 

16=7 

.53 

25 

7 

143 

196 

16=7 

63 

36 

9 

152 

225 

9 

73 

49 

13  =  4 

163 

256 

13  =  4 

83 

64 

10  =  1 

173 

289  19=10=1 

93 

81 

9 

And  so  on  / 

18- 
1(1  iii/initui 

324 

9 

Yours  faithfully, 
London,  3rd  November,  1891.  A.  W.  Gordon. 

[Mr.  Gordon's  note  may  interest  some  of  our  readers. 
His  test  for  cube  numbers  is  so  obvious  from  theory  that 
he  is  probably  mistaken  in  regarding  it  as  a  fresh  discovery. 
The  test  is  useful,  as  it  enables  the  cube  hunter  to 
discard  two-thirds  of  the  numbers  which  may  come  before 
him,  and  Mr.  Gordon's  test  for  square  numbers  enables  him 
to  discard  five-ninths  of  the  numbers  he  may  have  to  deal 
with,  but  it  is  not  as  easy  to  remember  as  the  well-known 
test  already  referred  to  in  Knowledge  by  Mr.  Christie 
and  Mr.  Barrett,  viz.,  that  numbers  which  are  perfect 
squares  cannot  end  wdth  the  digits  2,  3,  7  or  8,  but  both  of 
the  tests  for  square  numbers  may  be  applied  successively. 

Mr.  Gordon's  test  for  cube  numbers  follows  from  the 
fact  that  all  perfect  cubes  are  either  multiples  of  9, 
or  when  divided  by  9  a  remainder  which  is  either  1 
or  8  is  left.  When  the  number  is  divisible  by  9  the  sum  of 
its  digits  is  equal  to  9,  and  when  the  remainders  1  or  8 
are  left  the  sum  of  its  digits  must  be  either  1  or  8. 
The  rule  with  regard  to  the  division  of  cube  numbers 
by  9  follows  directly  from  the  fact  that  a  number  which 
is  divisil)le  by  3  must  when  cubed  be  divisible  by  9,  while 
a  number  which  is  divisible  by  3,  leaving  a  remainder  1, 
must  when  cubed  and  divided  by  9  leave  a  remainder  1,  for 

(3;i  4-  1)3=3'  «■'  +  3.  33.  n-  +  3.  3.  n  +  1 
which  must  be  a  multiple  of  9  plus  1,  and  a  number  which 
is  divisible  by  3,  leaving  a  remainder  2,  must  when  cubed 
and  divided  by  9  leave  a  remainder  8,  for 

(3  n  +  2)3  =  33  rt"  +  3  .  2  .  3-  i>  ■'  +  S  .  2^  3  .  n  +  2  • 
which  is  a  multiple  of  9  plus  8. 

Mr.  Gordon's  test  for  square  numbers  follows  from  the 
fact  that  to  pass  from  the  square  of  any  number  n  to  the 
square  of  the  number  immediately  above  it  we  must  add 
2  n  -f  1,  or  what  amounts  to  the  same  thing,  the  square 
of  any  number  n  may  be  found  by  adding  together  the  first 


«  terms  of  the  series  l  +  3-)-5-|-7-f9-t- 11 -t-&c.  The  sums 
of  the  digits  of  consecutive  numbers  recur  in  the  order 
1,  2,  3,  4,  5,  6,  7,  8,  9  ;  therefore,  if  we  pass  along  this 
recurring  series  with  steps  of  increasing  length,  beginning 
at  1  and  stepping  3  inteiwals  at  the  first  step,  5  at  the 
second,  and  so  on,  we  shall  .step  from  the  sum  of  the  digits 
of  one  square  to  the  sum  of  the  digits  of  the  next,  and  shall 
always  avoid  the  numbers  2,  3,  5,  6  and  8,  for  they  are 
avoided  in  the  first  eight  steps,  and  afterwards  the  same 
numbers  are  avoided  because  the  subsequent  steps  are 
similar  to  the  first  eight  steps,  except  that  they  are 
each  eighteen  intervals  longer,  and  eighteen  intervals 
corresponds  to  two  complete  circuits  of  the  recurring  series. 
Thus  the  sums  of  the  digits  of  the  squares  of  successive 
numbers  are  marked  with  a  point  above  them  : — 

1234  567891234567891234567891234567891234 
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A.  C.  Ranvakd.] 

SNAKE    POISON. 
To  the  Editor  of  Knowledge. 

Sir, — Two  years  and  a  half  ago  you  were  good  enough 
to  open  your  paper  to  a  discussion  between  Mr.  Field  and 
myself  on  the  subject  of  experimenting  on  animals  with 
snake  poison.  Mr.  Field,  who  had  performed  in  France 
some  mild  experiments  on  mice  in  this  line  of  research, 
took  occasion  in  writing  for  you  on  the  "  Common  Adder," 
to  make  the  following  remarks  : — 

"  Wheu  we  thiuk  of  tlie  thousands  of  our  fellow  men  who  die 
annually  by  reason  of  our  want  of  knowledge  with  respect  to  snake 
jjoisons,  the  importanee  of  experimenting  on  living  animals  (Jor  by 
these  means  alone  can  an  antidote  he  foumi  )  in  this  case  cannot  be 
over-estimated.     .     .  We   may   truly    say    then,   that    he   who 

hinders  the  (irogress  of  such   investigations  eommits  a  sin  against 
mankind." — Kxowlkdge.  February,  1SS9. 

Naturally  I  protested  against  this  view,  and  asserted 
that  "  he  who,  for  the  sake  of  remote  and  doubtful  physical 
benefits  to  our  race,  encourages  a  practice  which  im- 
questionably  must  stitle  the  impulses  of  compassion  in  the 
human  soul,  is  the  real  sinner  against  mankind."  I  also 
quoted  the  l^iici/iloiurditi  IUit((n>ucc(.  vol.  xxii.,  p.  191,  to 
contradict  Mr.  Field's  statement,  "an  antidote  has  been 
discovered,''  the  Enciji-hqKrdiii  elaborately  explaining  that 
"?«)  antidote  is  known  capable  of  counteracting  or 
neutralizing  the  action  of  snake  poison." 

After  two  years  my  contention  has  been  so  remarkably 
confirmed  that  1  must  ask  your  permission  to  refer  your 
readers,  who  may  take  interest  in  the  controversy,  to  no 
less  an  authority  than  the  columns  of  the  I.nnctt  (October 
24th,  p.  960),  for  the  fullest  satisfaction  on  the  subject. 
They  will  there  learn  that  "  a  country  practitioner  at  the 
Antipodes  discovered  the  antidote  and  for  years  practised 
it  with  unfailing  success,  when  Feoktistow,  miaUd  hij  hix 
expii-itiuntx,  rejected  it."  ^Mueller's  theory,  derived  from 
careful  observation  with  no  viviseetious  experiments.  Las 
proved  a  true  and  vast  benefit  to  humanity,  while  those 
experiments  on  animals  which  Mr.  Field  asserted  were  the 
"  only  means  "  of  discovering  an  antidote,  not  only  failed 
to  result  in  such  a  discovery,  but  actually  put  the  investi- 
gator on  a  wrong  scent,  and  pnirntrd  him  from  finding 
what  was  before  his  eyes  ! 

I  am,  Hir,  truly  yours, 

Fkancks  Power  Cobbe. 

[I  do  not  agree  with  Jliss  Cobbe's  interpretation  ot  the 
paragraph  in  the  l.nnrvt,  but  I  will  ask  ^Ir.  Field  to  allow 
the  lady  to  have  the  last  word,  as  the  controversy  is  not 
suitable  for  the  pages  of  Kxowlkdgk.,  and  must  now  come 
to  an  end.— A.C.R.J 
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To  the  Editor  of  Knowledge. 

Sib, — At  page  192  of  the  October  issue  you  say:  "Every- 
one is  familiar  witli  the  earth-smell  of  the  air  after  a 
shower  of  rain,  when  the  lowered  pressure  of  the  baro- 
meter allows  the  air  which  has  been  forced  into  the  soil  to 
rush  back  to  the  surface."  Being  a  very  early  riser,  and 
fond  of  working  in  the  garden,  one  of  my  daily  pleasures 
at  this  time  of  the  year — often  before  daylight — is  watering 
the  flowers.  The  "  earth-smell  "  you  speak  of  is  very 
familiar  to  me,  and  all  through  our  hot  summer  weather 
(practically  rahihss)  its  pleasant,  refreshing  odour  is  one 
of  the  satisfactions  of  my  morning  work.  Let  me  ask  if 
it  is  not  likely  that  some  chemical  process  may  be  the 
cause  of  the  grateful  aroma,  for  how,  in  the  instance  I 
speak  of,  could  lowered  barometric  pressure  find  place  as 
a  cause  ?  If  I  water  in  the  evening,  and  the  ground  is 
damp  when  I  renew  work  in  the  morning,  no  earth-odour 
is  perceptible.  Yom-s  obediently, 

Charles  F.  Hart. 
The  Oaks,  Claremont,  California, 
October  16th,  1891. 
[I  do  not  remember  to  have  noticed  the  earthy  smell 
except  after  a  shower  of  rain.     No  doubt  it  is  due  to  some 
chemical  change  which  takes  place  on  the  contact  of  air 
with  freshly  wetted  earth. — A.C.R.] 

THE    UPPEK    ATMOSPHERE. 
To  tlte  Editor  o/' Knowledge. 

Sir, — Your  article  in  Kno\\xedge  imder  this  title  makes 
me  wish  to  ask  if  it  is  not  possible  that  the  earth  in  times 
long  past  gradually  robbed  the  moon  of  her  atmosphere  ? 

Y'ou  state  that  a  velocity  of  7  miles  per  second  would 
carry  gaseous  molecules  right  away  from  the  earth's  upper 
atmosphere  into  space. 

What  speed  would  carry  such  molecules  _/Vo;«  the  moon 
to  the  forth  .'  and  is  such  speed  possible  or  probable  ? 

A  note  in  Knowledge  on  this  question  would  I  think  be 
of  general  interest.  Yours  respectfullv, 

W.  M. 

P.S. — If  the  moon  used  to  be  much  nearer  the  earth,  as 
Prof.  Ball  has  supposed,  and  if  her  recession  was  slow, 
what  efiect  would  that  have  on  the  supposed  gaseous-robbing 
powers  of  the  earth  ? 

^A  velocity  of  a  little  more  than  2|  miles  per  second 
would  be  necessary  to  carry  a  projectile  shot  vertically 
upwards  from  the  moon's  surface  out  of  the  region  of  the 
moon's  attraction.  This  is  so  much  greater  than  the  mean 
velocity  of  the  molecules  of  our  atmosphere  at  temperatures 
such  as  probably  exist  on  the  moon,  that  it  seems  im- 
probable that  the  most  swiftly  moving  gaseous  molecules 
could  escape  fi-om  the  region  of  the  moon's  attraction.  If 
in  the  earlier  stages  of  the  moon's  history  the  moon  and 
earth  ever  had  a  common  atmosphere  it  seems  more 
probable  that  the  moon  would  have  robbed  the  earth  of  its 
atmosphere  rather  than  that  the  earth  should  have  robbed 
the  moon.  For  the  moon,  by  reason  of  its  greater  surface 
compared  with  its  mass,  must  from  a  veiy  early  stage  have 
cooled  faster  than  the  earth,  and  the  cooler  body  would, 
imder  such  circiunstances,  tend  to  rob  the  hotter,  as  the 
gases  would  condense  upon  it  while  they  still  formed  a 
lofty  atmosphere  about  the  hotter  body.  \Yhatever  was 
the  initial  condition,  there  must  have  been  a  great  evolu- 
tion of  gases  during  the  formation  of  the  lunar  volcanoes. 
Our  own  geologic  history  shows  that  there  has  been  a  con- 
tinual evolution  and  absoiistion  of  gases  by  terrestrial  rocks, 
and  probably  sunilar  changes  have  taken  place  upon  the 
moon.— A.  C.  Ranyard.] 


DARK  STRUCTURES  IN  THE  MILKY  WAY. 

By  A.  C.  Eanyard. 

THE  first  plate  which  illustrates  this  paper  has  been 
made  from  a  photograph  taken  by  Dr.  llax  \Yolf, 
of  Heidelberg,  with  an  exposure  of  eleven  hours 
seven  minutes  made  on  three  different  nights,  viz., 
the  11th,  l-2th,  and  13th  September,  1891. 
It  represents  a  region  of  the  Jlilky  ^Yay  in  the  constel- 
lation Cygnus  on  the  following,  or  eastern  side  of  the  region 
represented  in  the  large  plate  published  in  the    October 
number  of  Knowledge.     The  nebulous  star  x  Cygni,  which 
was  near  to  the  centre  of  the  plate  in  the  October  number, 
is  here   seen  near  to  the   edge  of  the  plate  on  the  right 
hand  or  "preceding"  side.     Vertically  above  a  Cygni  the 
dark  branching  structure,  an  outline  of  which  is  given  in 
Fig.  1,  will  easily  be  recognized.     The  reader  may  assure 
himself    that   this    tree-hke    structure   is 
_^^    #  not   due    to    a    photographic    defect    by 

^teif^^^.  comparing  the  plate  in  the  October 
number  with  this  plate,  as  well  as  with 
the  right-hand  picture  on  our  second 
plate,  which  is  a  photograph  on  a 
much  smaller  scale  of  the  same  region, 
but  includes  a  greater  area  of  the  heavens. 
This  latter  photograph  was  taken  by  Dr. 
Max  Wolf  in  a  small  camera  fixed 
upon  the  top  of  the  large  camera,  and 
driven  by  the  same  clock  motion.  The 
two  cameras  were  rigidly  attached  to  a 
telescope,  which  enabled  the  driving 
of  the  clock  to  be  controlled  and  the 
cameras  to  be  accurately  directed  to  the 
same  region  of  the  heavens  from  night 
to  night.  The  accuracy  with  which 
this  has  been  done  is  attested  by  the 
photographs  obtained  ;  even  the  smallest 
stars  shown  are  represented  by  minute 
white  patches,  which  appear  approxi- 
mately circular,  though  our  plates  are 
enlarged  more  than  two  diameters  from 
the  original  negatives. 

Our  first  plate,  representing  the  region 
about  ^  Cygni,  was  taken  with  the  oy 
inch  Kranz  aplanatic  camera,  described 
in  the  October  number,  and  the  right-hand  picture  on  our 
second  plate  was  taken  with  a  smaller  camera  fitted  with  a 
portrait  lens  of  only  .55  millimetres  (about  2^  inches)  aper- 
ture and  195  millimetres  (about  7'8  inches)  focal  length. 
The  photograph  taken  with  this  small  camera  will  bear 
examination  with  a  lens,  and  a  comparison  of  it  with  our 
first  plate  and  the  plate  published  in  the  October  number 
is  most  instructive.  The  tree-like  structure  represented  in 
Fig.  1  will  be  distinctly  recognized  in  all  three  photographs 
as  darker  than  the  surrounding  area.  It  evidently  corre- 
sponds to  a  branching  stream  of  matter  which  cuts  out  the 
light  of  a  nebulous  background  on  which  it  is  seen  projected, 
and  it  is  evidently  intimately  associated  with  the  lines  of 
stars  which  border  the  stream  and  its  branches  on  either 
side.  In  addition  to  the  large  stars  which  lie  along  the 
edge  of  the  dark  area,  lines  of  very  minute  stars  may  be 
traced  within  the  dark  structure — they  seem  to  fall  into 
lines  conformable  to  the  main  stream  and  branches.  A 
somewhat  similar  dark  branching  stream  may  also  be 
traced  on  the  photograph  of  the  e  Cygni  region  in  the 
October  number.  One  of  its  branches  runs  close  to  e  Cygni, 
and  passing  northward  again  branches.  The  structure 
represented  in  Fig.  1  seems  to  be  connected  at  its  base 


Fig.  1. -Diagram 
showing  small 
dark  tree-like 
structure  to 
the  north  of 
a  Cvgni. 
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photograph  of  the  Sagittarius  region.  The  picture  of  the 
Sagittarius  region  on  our  second  plate  does  not  show 
Mr.  Fiarnard's  dark  arch  as  well  as  the  pictures  published 
with  the  August  number  of  Knowledge,  1890,  or  the 
denser  pictures  published  in  the  "  Old  and  New  Astro- 
nomy," plate  xxviii,  but  there  is  no  doubt  about  its 
existence,  or  the  existence  of  the  prominence-like 
structures  which  spring  from  its  eastern  or  convex  side. 
As  remarked  by  Mr.  Barnard  in  the  paper  accompanying 
his  photographs  (published  in  the  Monthhj  Xoticca,  vol.  L., 
p.  314),  this  dark  lane  or  arch  amongst  the  stars  seems 
to  be  intermediate  in  distance  between  the  different  bright 
structures  shown  upon  the  plate.  It  evidently  lies  in 
front  of  the  bright  structures  shown  on  the  lower  and 
upper  parts  of  the  plate,  and  seems  to  be  crossed  or  broken 
in  upon  by  one  of  the  bright  structures  at  A'. 

Fig.  5  is  an  index  map  which  indicates  the  position  of 


"^A' 


Fig.  5. — Diagi'ain  indicating  the  position  of  dark  tree-like 
structui'es  ti-aceable  on  Mr.  Barnard's  photogi-jipli  of  the 
Sagittarius  region. 

two  dark  tree-like  structures,  C  and  B,  which  both  seem 
to  spring  from  the  dark  region  D  at  the  bottom  of  the 
Sagittarius  plate.  From  this  same  region  also  springs  the 
bright  tree-Uke  structm-e  indicated  in  outline  in  Fig.  6. 
The  dark  structvu-e  C  seems'  to  lie  in  front  of  the  bright 
tree-like  form  shown  in  outline  in  Fig.  6.  This  bright 
tree-like  form,  as  well  as  the  dark  structures  B  and  C,  all 


■•-; 


seem  to  have  had  their 
origin  in  the  dark  region 
D,  and  to  indicate  the 
existence  of  colossal  out- 
rushes  of  matter  into  a 
resisting  medium. 

Like  the  comparatively 
small  dark  structure  indi- 
cated in  Fig.  1,  these  larger 
dark  structures  seem  to  be 
associated  with  bright  stars 
which  lie  along  their  borders, 
though  the  stars  are  not 
arranged  in  such  definite  lines 
or  streams  along  the  edges  of 
these  large  dark  regions  as  they 
are  along  the  borders  of  the 
narrow  dark  channels,  and 
smaller  tree-like  structures 
such  as  that  shown  in  Fig.  1 
and  at  the  summit  of  C, 
Fig.  5.  It  win  be  noticed  also 
that  the  dark  region  at  the 
bottom  of  the  plate  is  bordered 
by  two  conspicuous  star  clus- 
ters. The  dark  regions  in  the 
trifid  nebula  are  also  bordered  by  lines  of  stars,  and  the 
dark  patches  or  holes  in  the  Milky  Way,  referred  to  in  the 
October  number  (a  striking  example  of  which  is  shown  in 
Mr.  Barnard's  photograph),  are  surrounded  by  circles  of 
stars.  It  is  e\"ident  that  there  must  be  some  intimate 
connection  between  the  dark  regions,  or  the  absorbing 
matter  they  contain,  and  the  stars  surrounding  them.  In 
the  case  of  the  solar  prominences  we  know  that  the  tree- 
like forms  are  due  to  masses  of  glowing  gas  shot  upward 
into  a  resisting  medium ;  and  it  seems  very  probable  that 
the  tree-hke  structures  of  the  Orion  nebula  also  consist  of 
gaseous  matter,  for  they  are  the  brightest  parts  of  the 
nebula,  and  the  spectroscope  shows  that  the  chief  jmrt  of 
the  light  of  this  nebula  is  emitted  by  incandescent  gas. 
Have  we,  in  the  Milky  Way,  gaseous  phenomena  on  a  still 
more  colossal  scale  ? 


structure,   visible 

graph  of  theSagittarius  region. 


photo- 


Notices  of  Boolts. 

I'riinitiir  Folk.  By  EUe  Eeclus  (Walter  Scott). —  In 
this  volume  of  the  "  Contemiiorary  Science  Series"  we  have 
an  intensely  interesting  description  of  (he  manners  and 
customs  of  some  very  little  known  nationalities,  the  Inoils 
or  Esquimaux,  the  Apache  Indians,  and  some  of  the  hill 
tribes  of  India.  Starting  with  the  motto  that  "  to  travel 
over  space  is  to  travel  over  time,"  the  author  goes  to  the 
remote  regions  inhabited  by  these  tribes  in  order  to  see  man 
as  one  might  expect  him  to  have  been  in  the  youngest  days 
of  his  history.  -lust  as  the  embryologist  reads  something 
of  the  past  history  of  a  species  by  an  examination  of  the 
phenomena  the  organism  now  presents  in  its  earliest  stages, 
so  the  ethnologist  tries  to  recover  something  of  the  history 
of  the  progress  of  the  human  species  by  observations  on 
those  esaniples  of  it  which  are  now  in  the  most  elementary 
condition.  The  idea  is  a  fascinating  one  ;  indeed,  as 
the  author  says,  "  certain  customs,  the  meaning  of 
which  has  never  been  suspected  even  by  those  w-ho  prac- 
tise them,  are  in  their  own  way  as  interesting  as  it 
would  be  to  an  archieologist  to  unearth  a  lacustrine  city, 
or  to  a  zoologist  to  discover  a  pterodactyl  dabbling  in 
an  Australian  marsh";  and  its  interest  is  still  further 
enhanced  by  the  keenness  of  perception  which  the  author 
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frequently  displays  in  detecting  fundamental  similarities 
in  widely  different  customs.  He  deals  chiefly  with  the 
subjects  of  marriage,  government  and  religious  rites,  but 
the  pictures  he  draws  do  not  represent  things  as  they  now 
are,  but  rather  as  they  were  half  a  century  ago,  before 
civilization  had  tampered  much  with  the  tribes  in  question  ; 
for,  as  tha  author  states,  "  scarcely  any  primitive  folk  are 
now  in  existence  ;  soon  there  will  be  none."  The  pictures 
of  savage  life  are  often  horrible  and  disgusting  enough, 
completely  refuting  the  pleasing  theory  of  the  "  noble 
sivage."  But  even  in  the  most  disgusting  practices  and 
the  most  degraded  rites,  M.  Reclus  again  and  again  finds 
ideas  similar  to  those  that  lie  at  the  root  of  many  of  the 
most  respectable  institutions  of  the  civilized  world.  How- 
ever, as  degeneration  and  decline  are  admittedly  factors  in 
human  history  as  well  as  progress  and  growth,  it  does  not 
always  seem  clear  whether,  in  the  strange  customs  of  these 
so-called  primitive  races,  we  may  not  be  dealing  with 
deteriorated  remnants  of  something  that  was  once  nobler 
and  better,  rather  than  with  the  initial  stages  of  that  which 
in  other  nations,  and  under  a  more  favourable  environ- 
ment, has  developed  into  modern  civilization  ;  whether  we 
have  not  debased  relics  instead  of  undeveloped  germs  ; 
whether  in  fact,  the  name  /lyimitire  folk,  if  taken  in  its 
literal  sense,  may  not  possibly  involve  a  b3gging  of  the 
question.  But  however  this  may  be,  there  is  no  question 
that  in  the  book  before  us  we  have  a  valuable  and  interest- 
ing contribution  to  the  literature  of  ethnology,  as  well  as  a 
series  of  essays  which  will  stimulate  thought  and  encourage  j 
enquiry. 

British  Ferns.  By  E.  .J.  Lowe,  F.R.S.  (Swan  Sonnen- 
schein  and  Co.) —This  is  the  fern-book  of  the  "Young 
Collector  Series,"  and  as  a  record  of  the  distribution  and 
variation  of  our  British  ferns  it  is  a  marvellous 
shilling's-worth,  and  represents  an  enormous  amount  of 
careful  work.  The  author  has  aimed  high,  so  high  indeed 
that  we  are  inclined  to  wonder  where  the  "young  collectors" 
are  to  be  found  whose  wants  will  be  exactly  met  by  this 
little  book.  One  of  his  chief  aims  appears  to  hare  been 
to  illustrate  the  extreme  flexibility  of  type  which  ferns 
exhibit,  and  in  this  he  has  certainly  succeeded  admirably. 
A  very  large  proportion  of  the  book  is  taken  up  with  the 
enumeration  and  brief  characterization  of  varieties  of  the 
difl'erent  British  species,  amongst  which  the  common 
hart's  tongue  attains  the  maximum  of  variation  ;  to  this 
species  alone  28  pages  are  allotted  for  the  description  of 
upwards  of  400  varieties.  So  much  space  is  occupied  with 
this  exhaustive  treatment  of  varieties  that  no  room  is  left 
for  such  matters  as  the  generalities  of  fern  structure  and 
development,  the  distinctions  between  ferns  and  other 
plants,  &c.,  some  of  which  one  might  fairly  expect  to  find 
explained  in  a  beginner's  text-book,  written  on  scientific 
lines.  The  fern  collector  who  wishes  to  make  use  of  this 
book  must  lay  his  foundations  elsewhere,  and  when  he  has 
acquired  a  good  general  knowledge  of  his  subject,  he  can 
use  Mr.  Lowe's  help  in  the  study  of  varieties  to  his  lieart's 
content.  Some  useful  hints  are  added  as  to  fern  growing 
and  collecting,  and  some  remarkable  varieties  are  nicely 
figured. 

On  Surrci/  Hills.  By  "A  Son  of  the  Marshes"  (Black- 
wood and  Sons). — No  more  delightful  book  has  come  from 
the  pen  of  the  Kentish  naturalist  who,  under  the  above  nam 
(If  iiliiini',  has  so  often  charmed  the  readers  of  "  Blackwood," 
than  this  collection  of  essays  on  Nature  as  she  is  to  be  seen 
in  tlie  wilds  of  Surrey.  It  seems  strange  to  talk  of  wilds 
in  connection  with  a  county  into  which  suburban  hfe  is  so 
rapidly  pushing  its  way;  and  yet,  as  none  know  bettor  than 
tiiose  who  have  boon  there,  within  little  more  than  an  hour 
from   the  roar  and  din  of  the  Metropolis  there  aro  to  be 


found  on  the  Surrey  hills  places  as  lovely  and  silent  as 
though  they  were  in  the  remote  Highlands  of  Scotland, 
where  some  of  the  fast-diminishing  wild  fauna  of  our  islands 
still  flourish  comparatively  unmolested.  These  little 
visited,  but  lovely  and  picturesque,  spots  were  for  many 
years  the  arena  of  our  naturalist's  observations,  and  in  this 
ioook,  with  the  assistance  of  the  editorial  pen  of  Mrs.  J.  A. 
Owen,  he  has  recorded  his  impressions  in  simple  but  vivid 
pictures  which  cannot  fail  to  interest  and  delight  the 
reader.  The  accuracy  of  his  notes  proves  him  a  keen  and 
patient  observer,  in  ardent  sympathy  with  Nature.  He  is 
never  better  pleased  than  when  watching  the  wild  creatui-es 
of  hill  and  dale,  roadside  and  stream.  Bird,  beast,  fish, 
or  insect,  it  is  all  one  to  him  :  he  loves  Nature  for  her  own 
sakcy  and  wherever  life  of  any  sort  disports  itself  there  is 
he  to  be  found,  early  and  late,  playing  the  spy  upon  it,  and 
enjoying  to  the  full  the  novelties  of  the  scene.  There  is 
an  air  of  freshness  and  freedom  about  these  realistic 
sketches  that  is  quite  exhilarating,  while  the  genial  spirit 
which  pervades  them,  the  strong  human  interest  exhibited, 
and  the  frequent  touches  of  humour,  combine  to  make  "  A 
Son  of  the  Slarshes  "  a  capital  companion. 

An  Account  of  British  Fliis  (Diptera).  Part  I.  By  the 
Hon.  M.  Cordeha  E.  Leigh  and  F.  V.  Theobald,  B.A. 
(Elliot  Stock).  At  last  we  are  to  have  a  popular  book  on 
British  Flies.  The  authors  aim  at  catering  for  the  wants 
of  the  young  student  of  Dipterology,  and  they  hope  to  be 
able  also  to  entice  to  their  ranks  some  stray  collectors  from 
amongst  the  devotees  of  the  more  popular  orders  of 
Butterflies  and  Beetles.  With  a  courage  which  deserves 
success,  they  have  undertaken  the  herculean  task  of 
describing  the  enormous  host  of  British  Diptera,  large 
enough  in  Walker's  time,  but  greatly  augmented  since  the 
publication  of  "  Insecta  Britannica,"  forty  years  ago.  Six 
parts  are  to  be  issued  annually  ;  the  first,  which  has  just 
appeared,  contains  a  concise  sketch  of  fossil  Diptera,  an 
account  of  various  classifications  of  flies,  and  descriptions 
of  some  species  of  fleis.  Life-histories,  especially  of 
agricultural  pests,  are  to  be  fully  dealt  with,  and  occasional 
illustrations  are  to  be  added  ;  those  in  the  present  number 
are  scarcely  up  to  the  mark,  the  figure  of  the  human  flea 
especially  being  decidedly  unsatisfactory.  The  classifica- 
tion followed  will  be  that  adopted  by  Mr.  Verrall  in  his 
recently  published  list. 


EXPLOSIONS  ON   PETROLEUM   VESSELS. 

I!y     UlCHKHI)    P.EYN(iN.     F.R.(i.S. 

THERE  is  probably  no  department  of  British  industry 
that  has  developed  with  such  phenomenal  rapidity 
as  the  Petroleum  trade,  and  so  far  as  present 
appearances  are  concerned  there  is  every  prospect 
of  it  undergoing  much  further  expansion.  The 
earlier  shipments  to  this  country  were  conveyed  in  barrels, 
but  the  evolution  of  the  tank  steamer  has  completely 
revolutionized  the  economics  of  the  Peti-oleum  trade.  It 
is  proposed  in  the  present  pajior  to  discuss  the  adaptability 
of  existent  methods  of  transit  to  the  requirements  rendered 
necessary  by  the  over-sea  conveyance  of  crude  Petroleum 
with  its  accompanying  inflammable  vapours. 

Crude  Petroleum  or  Naphtha  may  be  described  as  an 
inflammable  liquid  hydrocarbon,  or  rather  as  a  compound 
of  several  hydrocarbons.  According  to  some  authorities 
these  are  three  in  number:  C^  Hi-.  C^^  Hj„,  and  C^,^  H,.;. 
Each  of  these  compounds  has  a  difl'erent  boiling  point,  that 
of  the  last  named  being  the  highest.  The  ordinary 
Petroleum  of  commerce  boils  at  the  low  temperature  of 
120 '  Fahrenheit,  and  is  exceedingly  volatile.     Of  the  native 
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occurrence  of  this  oil  there  is  no  need  to  speak,  the  names 
Petroleum,  rock  oil,  and  Naphtha  (Persian  nafata—to  exude), 
being  sufficiently  indicative  of  its  origin.  There  is  probably 
no  country  in  tlie  world  that  does  not  possess  Petroleum- 
bearing  strata,  but  the  comparative  small  expense  with 
which  the  Amarican  and  Russian  springs  can  be  worked 
keeps  out  from  the  market  oils  which  cost  more  to  obtain. 
The  Russian  oil  trade  is  conducted  on  the  simplest  lines 
possible.  Pipe  lines  are  laid  down  to  conduct  the  oil  from 
the  wells  to  the  refineries.  Thus  between  Balakhani  and 
Baku  there  are  some  seven  lines  of  cast-iron  pipes  of  six 
inches  diameter,  and  through  these  pipes  there  Hows  in  a  day 
2,000,000  gallons  of  Petroleum.  The  process  of  purifying 
is  a  simple  one,  and  merely  involves  the  employment  of  a 
series  of  stills,  each  one  of  a  higher  temperature  than  the 
precedmg  one.  In  one  of  these  stills  the  Petroleum  loses 
a  portion  of  its  constituents,  in  one  the  more  volatile  oils, 
in  another  the  parafiin  ;  further  on,  the  heavy  lubricating 
oils,  and  last  of  all  there  is  the  "  residuum,''  as  it  is  styled 
in  America,  or  "  astatki  "  by  the  Russian  distillers.  The 
commercial  value  of  this  residue  it  is  at  present  difficult  to 
assess,  but  many  engineering  experts  are  of  opinion  that 
it  is  far  superior  to  coal  as  a  steam  raiser. 

The  type  of  vessel  which  the  conditions  of  the  Petroleum 
trade  has  called  into  existence  is  that  aptly  described  as 
the  tank  steamer,  which  is  simply  a  vessel  divided  by 
transverse  bulkheads  into  watertight  compartments  or 
tanks,  in  which  the  oil  is  carried  in  bulk.  The  tanks  may 
be  divided  by  a  longitudinal  bulkhead,  which  reduces  their 
size  to  one  half.  Expansion  tanks  are  provided,  and  man- 
holes give  the  men  free  access  to  the  tanks.  lu  tank 
steamers  the  propelling  engines  are  aft,  and  two  bulkheads, 
with  a  space  between  them,  are  interposed  between  the 
aftermost  tank.  The  object  of  this  is  to  supply  a  chamber 
into  which  the  leakage  fro.u  the  tanks  may  collect,  as  well 
as  oppose  a  barrier  between  the  engine  space  and  the  oil 
tanks.  Cases  are  on  record  where  the  leaked  oil  has  found 
its  way  into  the  bunkers,  with  the  result  that  the  coals 
were  saturated  with  oil,  and  great  risk  of  explosion  incurred. 
Where  this  intervening  space  is  stored  with  water  the  oil 
accruing  from  leakage  can  be  easily  removed,  as  by  reason 
of  its  lesser  specific  gravity  it  finds  its  way  to  the  surface 
and  can  be  skimmed  otf,  and  thus  the  generation  of  the 
dangerous  Petroleum  vapour  is  obviated.  Tank  steamers 
are  fitted  with  electric  light,  and  the  double  wire 
system  is  being  extensively  adopted  in  preference  to 
the  more  questionable  method  of  employing  the  single 
wire  with  the  iron  hull  of  the  vessel  as  the  return.  The 
danger  of  the  latter  system  of  installation  often  militates 
seriously  against  successful  navigation ;  as,  apart  from 
other  risks,  the  single  wire  system  has  been  known  to 
produce  an  error  in  the  ship's  compass  of  from  3^  to  7^. 
Where  portable  lights  are  required  on  a  Petroleum  shij), 
wires  are  switched  on  to  the  main  cable,  and  the  lamp  is 
usually  protected  by  a  strong  glass  container  and  a  stout 
wire  protector.  iSuch  are  briefly  the  outlines  of  the 
existent  machinery  for  the  over-sea  transit  of  Petroleum 
in  bulk. 

It  is  somewhat  remarkable  that  the  destruction  of 
Petroleum  vessels  by  explosion  and  tire  does  not  seem  to 
be  brought  about  directly  by  the  cargo  itself,  but  rather  by 
the  residual  vapour  which  remains  in  the  hold  spaces 
when  the  oil  is  partially  or  wholly  discharged. 

The  dangerous  character  of  this  vapour  is  well  known, 
and  its  accumulation  m  a  space  employed  to  carry 
quantities  of  crude  oil  not  yet  deprived  of  its  most  volatile 
constituents  must  be  regarded  as  an  inevitable  adjunct  to 
the  risks  of  Petroleum  carriage.  The  maximum  danger  in 
the  case  of  tank  steamers  is  reached  after  the  discharge  of 


the  oil  has  taken  place,  for  the  oleaginous  properties  will 
ensure  its  adhering  to  the  sides  of  the  tanks  when  the 
pumps  have  removed  all  they  can.  One  volume  of  this 
crude  oil  is  sufficient  to  render  feebly  inflammable  2-400 
volumes  of  air,  and  the  exposure  of  such  a  great  evaporating 
surface  supplies  the  most  favourable  conditions  for  the 
generation  of  Petroleum  vapours.  In  the  bottoms  of  the 
tanks  there  is  usually  some  inches  of  oil  which  remains 
even  after  the  tanks  have  been  filled  with  sea  water  and 
pumped  out  again.  Evaporation  must  of  necessity  go  on 
rapidly  from  such  a  shallow  surface,  and  the  result  is  that 
the  tank  becomes,  unless  adcijiuite  means  are  employed  to 
cleanse  and  ventilate,  a  danger  space  of  the  most 
pronoimced  type. 

A  brief  sketch  of  three  typical  disasters  occurring  on 
Petroleum  vessels  wUl  show  the  glaring  deficiencies  of  the 
precautionary  measures  at  present  adopted  in  the  Petroleum 
carrying  trade.  On  the  19th  December,  1889,  the  steam- 
ship Ferfiusons  was  discharging  at  Rouen  a  cargo  of  crude 
oil,  shipped  at  Philadelphia,  when  a  fearful  explosion  took 
place,  blowing  out  the  mainmast  and  completely  wrecking 
the  after-part  of  the  vessel.  In  spite  of  all  efi'orts  to  ex- 
tinguish the  flames  the  fire  raged  until  the  next  day,  when 
the  vessel  foundered.  No  trace  could  be  discovered  of  one  of 
the  tank  men  who  was  below  at  the  time  of  the  disaster. 
Her  Majesty's  Consul  at  Rouen  forwarded  to  the  Home 
Office  a  sample  of  the  crude  oU  carried  by  the  Fcnjusom, 
and  this,  on  examination  by  Dr.  Dupro,  chemical  adviser 
to  the  Explosives  Department  of  the  Home  Office,  was 
found  to  have  at  the  normal  temperature  a  sx^ecific  gravity 
of  -7925.  This  crude  oil  contains  all  the  most  volatile 
constituents  of  Petroleum,  and  this  particular  samijle  was 
capable  of  rendering  inflammable  2400  times  its  own 
volume  of  air.  Thus,  a  gallon  would  suffice  to  render  in- 
flammable 400  cubic  feet  of  air,  and  its  volatility  may  be 
judged  of  bj'  the  fact  that  the  exposure  of  one  foot  of  oil 
surface  for  twenty  minutes  will  make  thirteen  cubic  feet  of 
air  explosive.  Now,  although  the  employment  of  electric 
lighting  on  oil  ships  tends  in  the  main  to  minimize  risk,  yet 
imperfect  installation  supplies  a  ready  method  of  igniting 
this  Petroleum  vapour.  At  the  time  of  the  disaster 
the  dynamo  was  running,  and  there  is  little  doubt  that 
the  emission  of  a  spark  consequent  upon  the  faulty  con- 
tact of  the  portable  cable  and  lamp  led  to  the  disaster. 

Some  little  while  after  this  the  nautical  world  was 
startled  by  the  news  of  a  disaster  almost  without  a 
parallel  in  the  annals  of  our  mercantile  marine.  A  tank 
steamer,  the  WUddowcr,  constructed  in  1889  for  the 
Petroleum  trade  and  fitted  with  six  cargo  tanks,  each 
holding  500  tons  weight  of  oil,  was  engaged  to  con- 
vey a  cargo  of  crude  Petroleum  from  Philadelphia  to 
Rouen.  The  voyage  was  accomplished  in  safety,  and  the 
discharge  of  the  oil  was  effected  satisfactorily  until  the 
pumps  sucked,  leaving  in  the  tanks  a  depth  of  oil  varying 
from  two  to  six  inches,  while  in  one  tank  there  was  some 
fifteen  inches  of  the  crude  oil  left.  Two  of  the  tanks 
were  pumped  full  of  water.  The  vessel  then  left  Rouen, 
and  on  -Tanuary  8th,  1890,  she  arrived  in  the  Wear,  where 
she  was  moored.  The  tanks  were  then  pumped  out,  and 
it  was  noticed  that  an  oily  film  spread  over  the  surface  of 
the  Wear  and  was  carried  seawards  by  the  ebbing  tide. 
Hardly  were  the  pumping  operations  concluded  when  an 
alarm  of  fire  was  raised,  and  the  surface  of  the  water  in 
the  vicinity  of  the  vessel  was  covered  with  smoke  and 
flame.  The  adjacent  shipping  was  much  damaged,  the 
surging  flames  enveloping  them  and  extending  seventy 
feet  into  the  air,  burning  the  rigging  and  buckling  the 
stout  iron  plates  with  most  disastrous  effects.  One  hfe 
was    lost.       Most  probably   the  firing  of   the  oleaginous 
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film  was  effected  by  a  red-hot  rivet  or  a  piece  of  burning 
waste  thrown  overboard  from  some  ship  contiguous  to  the 
WUdilinrer.  Experiments  made  with  some  oil  taken  from 
the  tanks  showed  a  specific  gravity  of  -T-ISS,  and  a  power 
per  gallon  of  rendering  inflammable  133  cubic  feet  of  air. 
When  the  oil  was  poured  upon  water  the  resulting  film 
was  easily  ignited  by  a  flame  or  any  brightly  red-hot  solid. 
The  evaporation  of  its  volatile  properties  was  so  rapid  that 
in  ten  minutes  a  lighted  match  failed  to  ignite  the  oil, 
while  with  twenty  minutes'  exposure  it  was  necessary  to 
blow  a  flame  upon  it  to  set  it  on  fire,  and  after  half-an- 
hour  it  was  very  difficult  to  light  the  oil  by  any  means 
whatever.  The  teaching  of  the  Wihlfioirer  disaster  is  too 
important  to  be  ignored.  It  is  dreadful  to  contemplate 
what  accidents  may  occur  through  the  presence  of  Petro- 
leum upon  the  surface  of  the  waters  of  crowded  harbours. 
At  Batoum  the  water  is  usually  covered  with  oil  to  the 
distance  of  three-quarters  of  a  mile  from  the  shore,  while 
practically  the  same  condition  of  things  obtains  at 
Philadelphia. 

The  teachings  of  Petroleum  disasters  are,  however,  by 
no  means  limited  to  the  above  two  cases.  The  latest 
horror  occurred  on  board  the  steamer  Tmicnmlle,  when  in 
the  dry  dock  at  Newport,  on  the  11th  May  last.  Like  the 
Wildfldicer,  the  TawdrviJlc  was  built  in  1889,  and 
specially  constructed  for  the  carriage  of  Petroleum  in  bulk. 
The  oil  tanks  were  six  compartments,  extending  from  the 
skin  of  the  ship  up  to  the  lower  deck,  and  were  sub-dinded 
again  by  a  longitudinal  bulkhead.  Each  tank  was  fitted 
with  an  expansion  space,  and  these  again  were  provided 
with  man-holes.  The  vessel  was  equipped  with  the  electric 
light  on  the  double  wire  system.  The  cables  were  enclosed 
in  a  wooden  frame  and  thorovighly  insulated  from  each 
other.  Switches  were  provided  for  the  purpose  of  effecting 
communication  between  the  main  and  portable  cables. 
The  connection  was  made  by  a  ball  and  socket  lever  and 
covered  with  a  brass  cap.  There  were  six  portable  cables, 
and  the  portable  lamps  were  protected  by  clear  glass  globes 
of  considerable  thickness  over  the  incandescent  globes,  the 
glass  globes  again  being  protected  by  four  brass  bars.  The 
vessel  was  employed  in  carrying  crude  Petroleum  from 
Philadelphia  to  Havre.  She  discharged  her  last  cargo 
there  and  sailed  for  Newport  on  April  18th,  which  port  she 
reached  two  days  later,  and  was  placed  in  dry  dock  on  the 
same  date.  She  went  into  dock  a  "  dirty  ship,"  i.e.,  one 
which  was  not  properly  cleansed.  A  considerable  quantity 
of  oil  was  known  to  be  in  the  ballast  tank,  which  was  a  space 
of  about  6000  cubic  feet.  Some  of  the  oil  remaining  in  the 
vessel  was  discharged  into  the  dock  and  a  red-hot  rivet 
falling  upon  it  set  it  on  fire,  doing  considerable  damage  to 
the  vessel.  This  was  on  the  23rd  April.  The  vessel  re- 
mained under  repairs  until  May  11th,  when  an  explosion 
occurred  which  wrecked  the  vessel  and  resulted  in  the 
loss  of  six  lives.  Several  portable  forges  were  being 
used  on  board  the  vessel,  as  much  rivetting  of  her  tanks 
was  necessary.  The  residual  oil  in  the  ballast  tank 
was  removed  so  far  as  possible  by  drilling  a  hole  in  the 
bottom  of  the  vessel  and  allowing  the  oil  to  run  through 
into  the  dock.  It  was  in  this  ballast  tank  that  the 
explosion  occurred  with  the  violence  stated  above.  The 
immediate  cause  of  the  disaster  it  is  impossible  to 
ascertain,  but  where  portable  forges  and  rivetting  are 
carried  on  in  spaces  adjacent  to  those  in  which  Petroleum 
vapour  must  have  accumulated,  a  catastrophe  is  simply 
invited.  Tlie  flames,  according  to  some  witnesses,  reached 
as  high  as  the  top  of  tlie  fore-mast,  and  the  wrecking  of 
the  vessel  is  proof  of  the  powerfully  explosive  character  of 
Petroleum  vapour.  Assiuuing  tluit  one  gallon  of  the  oil 
would  render  200  cubic  feet  of  air  feebly,  and  sixty  cubic  feet 


of  air  strongly,  explosive,  it  will  be  seen  that  the  presence 
of  very  little  oil  would  suffice  to  fill  the  empty  space  of  the 
ballast  tank  with  a  highly  explosive  compound. 

What  alterations  in  the  pumping  and  ventilating 
appliances  these  disasters  will  lead  to  will  be  watched 
with  the  greatest  interest.  The  better  cleansing  of  oil 
steamers  should  be  insisted  upon.  Spaces  iuto  which  oil 
may  leak  are  perhaps  greater  sources  of  danger  than  the 
tanks  themselves,  and  adequate  provision  should  be  made 
for  their  effective  cleansing  in  a  thoroughly  scientific 
manner.  But  the  machinery  of  Petroleum  conveyance 
needs  revising  and  bringing  up  to  date.  The  powers  of 
harbour  authorities  are  very  limited,  and  they  could  not 
make  bye-laws  that  would  much  diminish  the  risk  unless 
the  owners,  and  those  who  have  to  see  to  the  details  of 
the  traffic,  become  alive  to  the  dangers.  They,  by  the 
loss  of  their  lives  and  property,  have  already  the  highest 
incentive  to  adopt  precautions.  Refined  Petroleum  that 
has  a  higher  flashmg  point  than  73'  Fahr.  (Abel  test),  i.e., 
"  mineral  oil,"  as  distinguished  from  "  mineral  spirit,"  is 
outside  the  pale  of  the  law.  The  dangers  fi-om  oils  whose 
vapours  ignite  at  low  temperatures  are  obvious.  An 
eminent  firm  of  oil  manufacturers  say  that  they  have 
found  some  oils  offered  for  liibricati'i;/  jiurpases  which  gave 
oS'  dum/erom  gases  at  a  temperature  of  between  70^  and 
80^  Fahr. 

The  Petroleum  trade  has  developed  enormously,  and  is 
still  doing  so.  It  can  hardly  be  said,  however,  that  the 
conduct  of  the  trade  is  prosecuted  according  to  the  present 
teachings  of  science.  The  development  of  the  trade  has 
been  attended  with  a  much  greater  amount  of  disaster 
than  even  the  dangerous  nature  of  Petroleum  wan-ants, 
and  it  is  to  be  hoped  the  object-lessons  of  the  accidents 
discussed  will  appeal  to  all  those  responsible  for  a  diminu- 
tion of  them.  One  feature  of  the  trade  cannot  be  too 
strongly  deprecated.  The  carriage  of  Petroleum  in  bulk 
requires  vessels  of  a  vastly  different  tj'pe  to  the  average 
merchant  vessel.  Yet  the  British  shipmaster,  if  he 
possesses  the  regulation  Board  of  Trade  master's  certifi- 
cate, is  considered  competent  to  command  a  tank  steamer, 
with  all  its  special  mechanical  apparatus  for  tank  dis- 
charge, &c.,  and  electrical  equipment.  Special  conditions 
require  special  training,  and,  at  the  very  least,  there 
should  be  on  every  oil  steamer  a  skilled  electrician  com- 
petent to  effect  repairs  and  to  see  that  the  electrical 
lighting  is  carried  out  on  scientific  lines. 


SEA-URCHINS. 

By  R.  Lydekker,  B.A.Cantab. 

PROBABLY  most  visitors  to  the  seaside  are  more  or 
less  familiar  with  the  shells  of  those  marine 
creatures  commonly  known  as  Sea- Urchins,  or 
Sea-Eggs,  this  acquaintance  being  usually  due 
either  to  finding  them  cast  up  on  sandy  beaches, 
or  to  seeing  them  offered  for  sale  by  the  vendors  of 
curiosities  and  natural  history  objects.  In  many  in- 
stances it  is  probable  that  the  acquaintance  ends  here, 
although  in  others  these  objects  may  have  been  submitted 
to  a  fuller  examination ;  but,  in  any  case,  we  venture  to 
say  it  is  comparatively  few  who  have  studied  them  with 
the  care  and  attention  that  their  beauty  of  form  and  pecu- 
liar structure  demands,  and  still  fewer  who  know  anything 
about  their  history  in  past  times.  Those,  however,  who 
care  to  take  up  the  subject  will  find  it  one  of  more  than 
usual  interest,  and  we  accordingly  propose  in  this  article 
to  place  before  the  reader  some  of  the  leading  features  and 
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peculiarities  of  these  creatures,  which  will  form  stepping- 
stones  for  those  inclined  to  proceed  fm-ther  with  their 
study. 

To  begin  with,  Sea- Urchins  take  their  name  from  the 
array  of  movable  spines  with  which  the  shell  is  covered 
during  life,  and  which  thus  suggest  comparison  with  those 
of  the  true  Urchin,  or  Hedgehog.  The  shell,  as  it  is 
commonly  called,  will,  indeed,  be  the  portion  of  .  the 
animal  to  which  alone  oiu'  attention  will  be  directed,  since 
it  is  only  this  part  that  is  capable  of  preservation  in  a 
fossU  state.  We  must,  however,  state  at  the  outset  that, 
as  this  so-called  shell  does  not  by  any  means  correspond 
in  structure  with  the  shell  of  a  mollusc,  it  is  found  more 
convenient  to  give  it  a  different  name,  and  the  term  test 
has  accordingly  been  selected.  Moreover,  since  the  name 
Sea-Urchin  is  a  somewhat  long  one,  we  may  conveniently 
abbreviate  it  to  Urchin,  unless  we  prefer  to  use  the  more 
technical  term  Echinoid. 

There  is  great  variety  in  the  form  of  the  hard  calcareous 
test  of  the  Urchins,  which  varies  from  a  shape  somewhat 
resemblmg  a  flattened  orange  to  a  heart-shape,  or  even  to 
a  thin  disc-like  plate.  The  ordinary  Urchins  shaped 
somewhat  like  an  orange  are,  however,  those  best  adapted 
for  gaining  a  general  idea  of  the  structure  of  the  group, 
and  we  shall  accordingly  commence  with  them. 

If,  then,  we  examine  such  a  test,  we  shall  find  that  it 
has  an  aperture  at  each  of  the  two  poles ;  while  it  is 
divided  into  a  series  of  meridional  areas,  each  composed  of 
a  number  of  separate  oblong  calcareous  plates,  fitting 
accurately  with  one  another  at  their  edges,  where  they  are 
united  by  a  thin  membrane.  The  upper  surface  of  such  a 
test  is  shown  in  Fig.  1,  from  which  it  will  be  seen  that 
the  upper  or  apical  pole, 
as  it  maybe  conveniently 
called,  consists  of  five 
somewhat  heart-shaped 
plates  siUTounding  a 
small  circular  orifice 
which  is  closed  with 
membrane  in  the  living 
state.  This  central  ori- 
fice is  the  fi'nt,  while 
the  five  plates  forming 
a  star  surrounding  it, 
which  generally  fall 
out  in  the  dry  state, 
constitute  the  apical  disc. 
At  the  opposite  or  lower 
pole,  we  shall  find  a 
much  larger  aperture, 
which  forms  the  crea- 
tm-e's  mouth ;  and  we 
may  observe  that  just  inside  this  aperture  of  the  test  in 
the  complete  animal,  there  \^"iU  be  found  a  very  compli- 
cated calcareous  masticating  apparatus  kno'^Ti  as  Aristotle's 
lantern.  Putting  aside  for  the  present  the  apical  disc,  we 
may  devote  somewhat  fuller  attention  to  the  main  body  of 
the  test,  teohnicall}'  termed  the  corona.  As  we  have  said, 
this  consists  of  a  series  of  meridional  areas  composed  of 
numerous  small  plates  ;  and  we  shall  find  that  these  areas 
form  ten  alternating  series,  each  of  which  consists  of  two 
meridional  rows  of  the  aforesaid  plates.  The  line  of 
division  between  the  two  rows  iu  each  area  is  well  marked, 
although  the  divisions  between  any  two  areas  are  much  less 
distinct.  It  will  further  be  seen  that,  while  in  one  series 
of  areas  ((  a)  the  plates  are  much  wider  than  in  the  other 
series  [a),  they  are  also  somewhat  deeper.  Now,  if  we 
were  to  look  from  the  inside  of  the  test  towards  the  light, 
we  should  find  that  the  outer  half  of  each  plate  in  the 


Fio.  1. — Upper  Surface  of  the  Test  of 
the  Cominon  Sea-Urcliin.  a.  Am- 
biUacral  areas  j  i  a.  intermediate 
areas. 


narrower  areas  has  several  minute  perforations  ;  and  it  is 
through  these  minute  perforations  that,  during  life,  the 
animal  protrudes  the  curious  tube-like  feet,  by  the  sucker- 
like action  of  which  an  Urchin  is  enabled  to  climb  up  the 
glass  wall  of  an  aquarium.  As  these  narrower  areas  are 
connected  with  the  function  of  progression,  they  are 
appropriately  termed  the  amlndacral  areas,  and  the  larger 
intervening  spaces  are  accordingly  called  the  intermeiUate 
areas.  It  is  almost  superfluous  to  add  that  the  whole  test 
of  an  Urchin  thus  consists  of  five  ambiilacral  and  five 
intermediate  ai'eas,  which  between  them  comprise  twenty 
separate  rows  of  plates,  each  running  continuously  from 
one  polar  aperture  to  the  other.  During  life  each  platei  s 
separated  from  its  neighbour  by  a  thin  membrane,  and 
the  test  increases  in  size  both  by  additions  to  the  edge  of 
each  plate  and  also  by  the  interpolation  of  fresh  equatorial 
zones  of  plates  between  the  upper  edge  of  the  corona  and 
the  apical  disc.  The  spines  of  the  Urchins  are  movably 
attached  to  the  knobs  with  which  the  test  is  covered,  and 
vary  much  in  form  and  size,  although  the  limits  of  this 
article  do  not  admit  of  further  reference  to  them. 

Reverting  to  Fig.  1 ,  we  may  also  see  that  the  ambiilacral 
areas  of  the  Common  Urchin  form  a  five-rayed  star,  on  the 
test  of  which,  in  the  position  of  the  figure,  three  rays  are 
turned  away  from  the  spectator  and  two  towards  him. 
Now  this  radiate  arrangement  at  once  forciby  reminds  us 
of  a  Star-Fish,  and  any  person  who  has  ever  handled  those 
creatures  when  alive  will  be  aware  that  from  their  under 
surface  they  can  protrude  tube-like  sucking  feet,  precisely 
similar  to  those  we  have  referred  to  as  existing  in  the 
Urchins.  Both  these  points  of  resemblance  are,  indeed, 
indicative  of  an  intimate  relationship  between  Urchins  and 
Star-Fish.  And,  as  a  matter  of  fact,  the  ambiilacral  areas 
of  the  one  represent  the  five  rays  of  the  other  ;  the  inter- 
mediate areas  of  the  Urchins  being  an  addition  to  the 
stritcture  of  the  Star- Fish.  At  first  sight  it  looks,  indeed, 
as  if  these  animals  were  really  symmetrically  radiate,  but 
we  shall  show  later  on  that  this  is  not  the  case,  and  that 
they  are,  in  truth,  bilaterally  symmetrical  like  the  higher 
animals,  although  this  bilateral  symmetry  has  been  more 
or  less  thoroughly  masked  by  the  radiate  arrangement  of 
the  parts. 

Urchins  and  Star-Fishes  are,  however,  not  the  only 
members  of  the  group  of  Echinoderms  ;  since  this  also 
comprises  the  beautiful  Stone-LiUes  or  Encrinites,  the 
joints  of  the  stems  of  which  form  the  well-known  "  St. 
Cuthbert's  Beads,"  of  the  Whitby  Lias,  while  the  so-called 
Entrochal  Marble,  so  often  employed  for  chimney-pieces 
and  other  decorative  architecture,  is  almost  entirely  com- 
posed of  these  stems.  There  are,  moreover,  certaLa 
entu-ely  extinct  types,  such  as  the  Cystoids  and  Blastoids, 
of  which  more  anon. 

Before  proceeding  to  trace  the  modifications  which  the 
test  of  the  Urchins  undergoes  iu  different  members  of  the 
group,  it  may  be  observed  that  iu  all  Urchins,  whether 
recent  or  fossil,  the  number  of  meridional  areas  is  in- 
variably ten  ;  while  in  every  existing  kind  of  Urchin,  no 
matter  what  be  its  size  or  shape,  the  number  of  rows 
of  plates  composing  such  areas  never  departs  from  twenty. 
As  soon,  however,  as  we  reach  the  strata  Ijiug  below 
the  chalk  and  gault,  known  as  the  lower  greensand,  which 
constitute  the  lower  part  of  the  Cretaceous  system,  we  find 
an  Urchin  which  departs  somewhat  in  the  last-named 
respect  fi-om  the  existing  type.  A  side  view  of  the  test  of 
this  species  is  given  iu  Fig.  2,  from  which  it  will  be  seen 
that  while  at  the  apical  pole  the  number  of  meridional 
rows  of  plates  is  the  normal  twenty,  as  we  approach  the 
equitor  the  number  of  meridionil  rows  in  each  inter- 
mediate area  is  increased  to  four,  which  continue  to  the 
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basal  pole.  Going 
still  further  back 
to  the  Trias, 
we  find  another 
genus  of  Urchins 
(Tiarerhinus)  with 
an  increase  in 
the  number  of 
rows  of  i^lates  in 
the  intermediate 
areas  above  the 
lower  pole.  More- 
over, some  of  the 

Fio.  2. — Side  view  of  the  test  of  a  Cretaceous      Urchins      of      the 

Sea-Crchin   {Tetracidaris).     Letters  as  in       gtiH  older  .Jurassic 

^'e-  1-  rocks  differ  from 

the  ordinary  type,  in  that  the  plates  overlap  one  another 

instead  of  joining  by  their  edges. 

These  departures  from  the  normal  form  in  some  of  the 
Secondary  Urchins  suggest  that,  if  we  were  to  go  back  to 
the  PalsBOZoio  epoch,  we  should  find  still  more  marked 
differences  from  living  types.  Such,  indeed,  is  actually  the 
case,  and  we  find  that  all  the  Palipozoic  Urchins  differ 
from  existing  ones  in  the  number  of  meridional  rows  of 
plates,  while  very  frequently  these  plates  overlap  one 
another.  In  the  specimen  represented  in  Fig.  3  it  will  be 
seen  that  while  the  ambulacral  areas 
ai'e  normal,  the  intermediate  areas 
have  now  no  less  than  five  meridional 
rows  of  plates  ;  while  in  yet  another 
form  (Mclaniti'x)  tlie  ambulacral  as  well 
as  the  intermediate  rows  are  increased 
in  number,  the  former  varying  from 
seven  to  eight,  and  the  latter  from 
eight  to  fourteen.  With  one  ex- 
ception, however,  all  the  Paleozoic 
Urchins  agree  with  the  Common 
Urchin  in  having  the  vent  situated  at 
the  apical,  and  the  mouth  at  the 
basal  pole,  this  mouth  always  having 
the  "  Aristotle's  lantern." 

Now  if  we  proceed  still  further  back 
till  we  reach  the  lower  part  of  the  Pale- 
ozoic epoch,  such  as  the  Cambrian 
and  Lower  Silurian,  we  shall  find  a  totally  extinct  group 
of  Echinoderms  known  as  Cystoids.  The  hard  parts  of 
these  creatures  consist  of  a  nearly  globular  test,  usually 
supported  on  a  short  stalk,  and  composed  of  a  number  of 
polygonal  plates,  having  no  definite  meridional  arrange- 
ment, but  traversed  by  five,  or  fewer,  irregular  ambulacral 
grooves  radiating  from  the  mouth.  And  it  will  be  obvious 
that,  in  their  large  number  of  meridional  rows  of  plates, 
the  Pabi'ozoic  Urchins  present  a  much  closer  resemblance 
to  these  extinct  Cystoids  than  is  offered  by  their  existing 
representatives.  Indeed,  if  we  believe  m  the  derivation  of 
one  form  of  animal  from  another,  it  seems  pretty  evident 
that  starting  from  tlie  Cystoids — tlie  oldest  known  Echino- 
derms- we  can  pass  readily  into  the  Pabeozoic  Urchins, 
from  wliich  we  are  conducted  by  the  above-mentioned 
intermediate  Secondary  forms  to  species  of  the  type  of  the 
Common  Urchin  of  the  present  day.  What  particular 
advantage  the  modern  Urchins  have  gained  by  the 
reduction  of  their  meridional  rows  to  twenty  is,  however, 
not  very  easy  to  determine  ;  although  this  reduction  has 
probably  conduced  to  greater  compactness  and  strength  in 
tlie  structure  of  their  test,  which  may  alone  have  been  a 
sufficient  improvement  on  the  older  types. 

The  transition  from  the  Pahvozoic  to  the  modern  forms 
does  not,  however,  by  any  means  exhaust  the  modifica- 
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Fio.  3. — Side  view  of 
the  test  of  a  Palteo- 
zoic        Sea  -  Urchin 
{Paleeoechiniis) . 
Letters  us  in  Fig.  1. 


LCt 
Fig.  4.  —  Upper  surface  of  the  test 
of     a    Cretaceous    Heart     Urchin 
(Micraster).     Letters  as  in  Fig.  1. 


tions  which  the  Urchins  have  imdergone  with  the  march 
of  time.  Pieverting  once  more  to  the  Common  Urchin 
(Fig.  1),  it  should  be  mentioned  that  this  tj'pe,  in  which 
the  test  is  radiately  symmetrical  and  the  vent  and  mouth 
are  polar,  constitutes  the  group  of  the  so-called  Regular 
Urchins.  Although  this  type  is  still  well  represented,  yet 
a  large  number  of  the  Urchins  of  the  Secondary,  Tertiary, 
and  recent  periods  have  departed  very  considerably  from 
this  simple  form,  to  assume  a  more  or  less  decided  heart- 
shape,  with  one  or  both  apertures  of  the  test  becoming 
eccentric,  and  with  a  frequent  tendency  for  the  perforated 
portions  of  the  ambulacral  areas  to  become  restricted  to 
the  central  part  of  the  upper  surface,  where  they  form 
a  flower-like  pattern  (Fig.  4).  Such  types  constitute 
the  group  of  Irregular 
Urchins,  which,  on  the 
doctrine  of  evolution, 
may  be  safely  regarded 
as  derived  from  the  Reg- 
ular group.  Moreover, 
not  satisfied  with  the 
assumption  of  these  new 
shapes,  the  Irregular 
Urchins  appear  to  have 
considered  the  "  Aris- 
totle's lantern,"  which 
had  served  their  ances- 
tors as  a  masticating 
organ  for  countless  ages, 
only  a  useless  encum- 
brance, and,  accordingly, 
the  more  advanced  "  radi- 
cals "  among  them  have 
totally  discarded  this 
piece  of  apparatus,  and,  indeed,  appear  to  get  on  equally 
well  without  it. 

The  forms  connecting  the  more  aberrant  members  of 
the  Irregular  with  the  Regular  group  of  Urchins  are  both 
numerous  and  varied.  Among  them  we  may  refer  to  the 
common  little  Helmet  Urchin  (t^cliiimomtis)  of  our  chalk. 
The  test  of  this  species  is  about  an  inch  in  height,  and 
forms  a  tall  cone,  which  is  not  quite  radiately  symmetrical. 
The  mouth,  indeed,  retains  its  usual  position  at  the  basal 
pole,  while  the  perforated  areas  extend  from  pole  to  pole. 
In  place,  however,  of  the  vent  being  situated  in  the  centre 
of  the  apical  disc,  it  has  been  transferred  to  the  margin  of 
the  lower  surface,  in  the  middle  of  one  of  the  intermediate 
areas.  It  is  thus  placed  opposite  to  an  ambulacral  area 
corresponding  to  the  one  directed  upwards  in  Fig.  1 ;  and 
we  thus,  for  the  first  time,  find  a  regular  bilateral  sym- 
metry fuUy  established.  In  the  particular  species  to  wliich 
we  have  referred  (as  in  all  the  under-mentioned  forms), 
the  "  Aristotle's  lantern  "  has  been  lost,  although  it  is 
retained  in  other  members  of  the  same  group.  One 
specimen  of  a  Helmet  Urchin  has  been  discovered  show- 
ing the  rare  abnormality  of  having  but  four  ambulacral 
areas. 

A  further  step  is  shown  by  the  so-called  Sugar  Loaf 
Urchin  (AnKiichi/tfs)  of  the  English  chalk,  the  tall  silici- 
fied  tests  of  which  are  so  commonly  found  in  the  gravel 
derived  from  the  denudation  of  the  chalk.  In  this  species, 
which  is  considerably  larger  and  more  ovoid  than  the 
Helmet  Urchin,  the  elevated  form  of  the  test  is  still 
retained,  but  the  contour  of  its  under  surface  lias  become 
more  decidedly  heart-shaped.  Moreover,  the  vent  has 
become  shifted" completely  on  to  the  lower  surface ;  while 
the  mouth,  although  remaining  (as  is  invariably  the  case) 
on  the  under  surface,  has  travelled  away  from  its  original 
central  position  so  as  to  be  placed  in  the  ambulacral  area 
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con-esponding  to  the  one  directed  upwards  in  Fig.  1. 
Here,  tberefore,  ■we  Lave  the  bilateral  symmetry  still  more 
distinctly  marked.  Another  advance  shown  in  this  Urchin, 
is  the  circumstance  that  the  perforated  portions  of  the 
ambulacral  areas  do  not  extend  on  to  the  lower  sui-face  of 
the  test,  but  stop  short  at  the  edge.  Some  members  of 
the  same  family  are  still  more  peculiai'  in  that  the  apical 
disc  is  greatly  elongated  from  front  to  back,  in  consequence 
of  which  the  five  ambulacral  areas  do  not  all  meet  one 
another  at  the  summit  of  the  test  ;  those  conesponding  to 
the  three  turned  away  fi'om  the  spectator  in  Fig.  1  meet 
ing  near  the  middle  of  the  test,  whDe  the  remaining  two 
are  brought  together  in  the  opposite  pait  of  the  test 
corresponding  to  the  lower  portion  of  Fig.  1. 

A  third  common  chalk  species,  the  Heart-Urchin,  or 
Fauy  Heart  of  the  quanymen  {^ilicrnster),  aflbrds  a  good 
example  of  what  may  be  regarded  as  the  extreme  modifi- 
cation of  structure  developed  in  the  group.  The  upper 
surface  of  one  of  these  Urchins  is  represented  in  Fig.  4, 
from  which  it  will  be  seen  that  the  contour-  is  regularly 
heart-shaped,  and  the  whole  test  much  depressed.  The 
perforated  portions  of  the  ambulacral  areas  are  now 
restricted  merely  to  the  central  region  of  the  upper  sur- 
face, one  of  these  areas  (directed  upwards  in  the  figure! 
forming  a  shallower  groove,  and  being  otherwise  markedly 
different  fi'om  all  the  others.  In  such  an  Urchin  the 
bilateral  symmetry  is  very  strongly  marked  indeed,  and, 
since  the  upper  border  of  the  figure  represents  the 
anterior,  and  the  lower  the  posterior  extremity  of  the 
animal,  we  may  compare  the  three  anterior  ambulacral 
areas  to  the  head  and  arms  of  a  quadruped  whose  hind 
legs  will  be  represented  by  the  two  posterior  ambulacra. 
In  regard  to  the  position  of  the  two  orifices  of  the  test  in 
this  species,  the  vent  is  situated  on  the  flattened  posterior 
surface,  near  its  junction  with  the  upper  surface,  while  the 
mouth  occupies  a  position  nearly  midway  between  the 
centre  and  the  anterior  border  of  the  lower  stirface,  at  the 
commencement  of  the  groove  formed  by  the  anterior 
ambulacral  area.  The  mouth  is  peculiar  in  that  it  does 
not  open  directly  on  the  surface,  in  the  usual  manner,  but 
has  a  projecting  hp  by  means  of  which  its  aperture 
assumes  a  forward  direction.  The  common  Purple  Heart- 
Urchin  I  SjidUnigus)  of  our  present  seas  is  a  larger  repre- 
sentation of  this  group,  presenting  the  same  general  type 
of  structure. 

We  thus  see  how  gradual  is  the  passage  from  a  species 
of  the  type  of  the  Common  Urchin  to  that  of  the  Heart- 
Urchin,  widely  different  as  are  these  two  from  one  another. 
^Ye  might,  indeed,  proceed  further  with  our  investigations, 
and  show  how  certain  of  the  Irregular  Urchins  have  become 
so  flattened  as  to  assume  the  form  of  thin  plates,  which 
in  some  instances  are  deeply  notched  at  their  periphery. 
And  we  might  also  investigate  the  variation  of  form  and  size 
displayed  by  the  spines  of  the  ditferent  gi'oups.  Enough 
has,  however,  been  written  for  our  present  object,  which 
has  been  to  show  the  amount  of  interest  that  attaches  to 
the  investigation  of  the  lines  of  modification  on  which 
development  has  proceeded  among  the  Sea-Urchins.  This 
has  shown  how  a  regular  progressive  advance  in  one 
particular  direction  has  taken  place  fi-om  the  earlier  to  the 
later  members  of  the  group;  and  we  thus  have  another 
excellent  instance  testifying  in  favour  of  the  doctiine  of 
evolution.  This  brief  sketch  may  possibly  give  additional 
pleasure  to  a  sea-side  sojourn,  by  inducing  some  of  oiu- 
readers  to  direct  their  attention,  first  of  all,  to  the  recent 
Sea-Urchins,  after  which  they  will  scarcely  fail  to  extend 
their  investigations  to  the  fossil  species  so  abundantlv 
distributed  through  our  rocks;  and,  we  will  venture  to  add, 
that  if  they  do  so  theii-  interest  cannot  fail  to  be  aroused. 


THE  FACE  OF  THE  SKY  FOR  DECEMBER. 

By  Herbebt  Sadleb,  F.R.A.S. 

THE  markings  on  the  solar  surface  show  no  signs  of 
diminution.  The  following  are  conveniently  ob- 
servable minima  of  some  Algol-type  variables  (</. 
"  Face  of  the  Sky ''  for  November).  U  Cephei. — 
December  1st,  lOh.  9m.  p.m.  ;  December  6th,  9h. 
49m.  P.M.  ;  December  11th,  9h.  28m.  p.m.  ;  December  16th, 
9h.  8m.  P.M.  ;  December  21st,  8h.  48m.  p.m.  ;  December 
26th,  8h.  28m.  p.m.  ;  December  31st,  8h.  7m.  p.m.  Algol. — 
December  loth,  llh.  43m.  p.m.  ;  December  18th,  &h.  31m. 
P.M.  ;  December  21st,  oh.  20m.  p.m.  A  minimum  of  the 
variable  star  ilira  ( Omicrou  I  Ceti  will  occur  on  the  29th 
of  December.  The  magnitude  at  minimum  varies  from 
8  to  9i  magnitude,  and  the  star  is  of  a  fiery  red  colour  at 
that  stage. 

Mercury  is  an  evening  star,  and  would  be  well  situated 
for  observation  during  the  first  three  weeks  of  the  month 
but  for  its  great  southern  declination.  He  sets  on  the  1st 
at  4h.  42m.  p.m.,  or  49m.  after  the  Sun,  with  an  apparent 
diameter  of  oi",  and  a  southern  declination  of  25''  49', 
f|j  of  the  disc  being  illtmiinated.  On  the  18th  he  sets  at 
oh.  Bm.  P.M.,  or  Ih.  19m.  atier  the  Sun,  with  an  apparent 
diameter  of  7'0",  and  a  southern  declination  of  24^  36', 
3%%  of  the  disc  being  Uluminated.  About  this  time  he  is 
at  his  brightest.  On  the  18th  he  sets  at  oh.  10m.  p.m.,  or 
Ih.  20m.  after  the  Sun,  with  an  apparent  diameter  of  80", 
and  a  southern  declination  of  23°  20',  -[%%  of  the  disc 
being  illuminated.  After  this  he  rapidly  approaches  the 
Sun,  coming  into  inferior  conjunction  with  him  on  the 
28th.  He  is  at  his  greatest  eastern  elongation  (20^°)  on 
the  11th,  and  in  conjunction  with  X  Sagittarii  on  the 
morning  of  the  7th,  but  the  phenomenon  will  not  be  visible 
in  Europe.  While  visible  he  describes  a  direct  path  in 
Sagittarius.  Venus  is  also  an  evening  star,  but  is  almost 
as  indiflerently  placed  for  the  observer  as  Mercury  is. 
She  sets  on  the  1st  at  4h.  o6m.  p.m.,  or  Ih.  3m.  after  the 
Sun,  with  a  southern  declination  of  24"  23',  and  an  ap- 
parent diameter  of  10|',  ^'o  of  her  disc  being  illuminated, 
while  her  brightness  is  less  than  one  quarter  of  what  it 
was  at  the  beginning  of  the  year.  On  the  31st  she  sets  at 
6h.  4m.  P.M.,  or  2h.  6m.  after  the  Sun,  with  a  southern 
dechnation  of  20°  3-5',  and  an  apparent  diameter  of  1\^", 
-^  of  the  disc  being  iDuminated.  During  the  month  she 
passes  from  Sagittarius  into  Capricoruus,  but  without  ap- 
proaching any  conspicuous  star. 

Both  Mars  and  Uranus  are,  for  the  puqjoses  of  the 
amatem-,  invisible ;  and  Saturn  does  not  rise  on  the  last 
day  of  the  month  till  llh.  9m.  p.m.  We  therefore  defer  our 
ephemeris  of  him  till  next  year.  .lupiter  is  still  favourably 
placed  for  observation  as  an  evening  star,  but  should  be 
observed  as  soon  as  possible  after  sunset.  He  sets  on  the 
1st  at  llh.  33m.  p.m.  with  a  southern  declination  of  9°  12', 
and  an  apparent  equatorial  diameter  of  40|  ',  the  phasis 
on  the  preceding  hmb  amounting  to  40^".  On  the  31st  he 
sets  at  9h.  46m"  p.m.  with  a  southern  declination  of  7^  37', 
and  an  apparent  equatorial  diameter  of  36f".  The  fol- 
lowing phenomena  of  the  satellites  occur  while  .Jupiter  is 
more  than  8°  above,  and  the  Sun  8°  below,  the  horizon. 
On  the  1st  an  occultation  disappearance  of  the  first  satellite 
at  6h.  12m.  p.m.,  and  an  eclipse  reappearance  of  the  same 
satellite  at  9h.  49m.  21s.  p.m.  On  the  2nd  a  transit  egress 
of  the  first  satellite  at  5h.  39m.  p.m.,  and  of  its  shadow  at 
7h.  Om.  P.M.  On  the  4th  an  occultation  disappearance 
of  the  second  satellite  at  7h.  7m.  p.m.,  and  an  echpse 
disappearance  of  the  fourth  satellite  at  9h.  25m.  lis. 
On   the  5th   a   transit  egress  of  the   third   sateUite    at 
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6h.  21m.  P.M.,  and  a  transit  ingress  of  its  shadow  at 
Bh.  26ni.  P.M.  On  the  Gth  a  transit  ingress  of  the  shadow 
of  the  second  satellite  at  Sh.  2m.  p.m.  ;  a  transit  egress  of 
the  satellite  itself  at  .'Jh.  10m.  p.m.  ;  and  a  transit  egress  of 
its  shadow  at  7h.  51m.  p.m.  On  the  8th  an  occultation 
disappearance  of  the  first  satellite  at  8h.  9m.  p.m.  On  the 
Oth  a  transit  ingress  of  the  first  satellite  at  5h.  17m.  p.m.; 
of  its  shadow  at  Gh.  38m.  p.m.  ;  a  transit  egress  of  the 
satellite  at  7h.  36m.  p.m.,  and  of  its  shadow  at  8h.  55m.  p.m. 
This  transit  should  be  carefully  watched,  as  the  satellite 
may  possibly  appear  to  be  double.  On  the  10th  an  eclipse 
-reappearance  of  the  first  satellite  at  6h.  13m.  53s.  p.m. 
On  the  11th  an  occultation  disappearance  of  the  second 
satellite  at  9h.  46m.  p.m.  On  the  12tli  a  transit  ingress  of 
the  third  satellite  at  6h.  59m.  p. si.,  and  of  the  fourth 
satellite  at  7h.  20m.  p.m.  This  will  be  a  very  interesting 
phenomenon.  On  the  13th  a  transit  ingress  of  the  second 
satellite  at  4h.  57m.  p.m.  ;  of  its  shadow  at  7h.  39m.  p.m.  ; 
and  a  transit  egress  of  the  satellite  itself  11m.  later.  On 
the  16th  an  eclipse  reappearance  of  the  third  satellite  at 
5h.  36m.  44s.  p.m.  ;  a  transit  ingress  of  the  first  satellite 
at  7h.  14m.  p.m.  ;  of  its  shadow  at  8h.  34m.  p.m.  ;  and  a 
transit  egress  of  the  satellite  itself  at  9h.  33m.  p.m.  On 
the  17th  an  eclipse  reappearance  of  the  first  satellite  at 
8h.  9m.  26s.  p.m.  On  the  18th  a  transit  egress  of  the 
shadow  of  the  first  satellite  at  5h.  20m.  p.m.  On  the  20th 
a  transit  ingress  of  the  second  satellite  at  7h.  38m.  p.m.  On 
the  21st  an  eclipse  reappearance  of  the  fourth  satellite 
at  6h.  41m.  48s.  p.m.  On  the  22nd  an  eclipse  reappear- 
ance of  the  second  satellite  at  7h.  12m.  51s.  On  the 
23rd  an  eclipse  disappearance  of  the  third  satellite  at 
6h.  37m.  2s.  p.m.,  and  a  transit  ingress  of  the  first  satellite 
at  9h.  13m.  p.m.  On  the  24th  an  occultation  disappear- 
ance of  the  first  satellite  at  6h.  34m.  p.m.  On  the  25th  a 
transit  ingress  of  the  shadow  of  the  first  satellite  at  4h. 
69m.  P.M. ;  a  transit  egress  of  the  satellite  itself  at  6h.  Im. 
P.M. ;  and  of  its  shadow  at  7h.  16m.  p.m.  On  the  29th  a 
transit  egress  of  the  fourth  satellite  at  6h.  42m.  p.m.  On 
the  30th  an  occultation  disappearance  of  the  third  satellite 
at  5h.  31m.  p.m.  On  the  31st  an  egress  of  the  shadow 
of  the  second  sateUite  at  5h.  Om.  p.m.,  and  an  occulta- 
tion disappearance  of  the  first  satellite  at  8h.  83m.  p.m. 
During  the  month  .Jupiter  describes  a  direct  path  in 
Aquarius,  but  without  approaching  any  naked  eye  star 
very  closely. 

Neptune  is  excellently  situated  for  observation,  rising  as 
he  does  on  the  1st  at  3h.  38m.  p.m.,  with  a  northern  de- 
clination of  19°  58',  and  an  apparent  diameter  of  2-7".  On 
the  31st  he  rises  at  Ih.  50m.  p.m.,  with  a  northern  de- 
clination of  19"  51'.  During  the  month  he  describes  a 
short  retrograde  path  to  the  north  of  s  Tauri.  A  map 
of  the  stars  down  to  10^  magnitude  near  his  path 
will  be  found  m  the  Kmilish  Mechanic  for  October  16th, 
1891. 

December  is  a  fairly  favourable  month  for  shooting 
stars,  the  chief  shower  being  that  of  the  Geminids  on 
December  9th-12th,  the  radiant  point  being  in  II. A. 
7h.  Om.,  and  north  declination  32°,  rising  about  4h.  10m. 
P.M.,  and  setting  at  Ih.  40m.  a.m. 

The  Moon  enters  her  first  quarter  at  5h.  13m.  p.m.  on 
the  8th  ;  is  full  at  Oh.  53m.  a.m.  on  the  15th;  enters  her 
last  quarter  at  5h.  38^m.  on  the  23rd  ;  and  is  new  at 
8h.  20m.  A.M.  on  the  31st.  She  is  in  perigee  at  6-lh. 
p.m.  on  the  11th  (distance  from  the  earth,  228,540  miles) ; 
and  is  in  apogee  at  6-Oh.  p.m.  on  the  23rd  (distance 
from  the  earth,  241,300  miles).  The  greatest  eastern 
librations  arc  at  Ih.  7m.  p.m.  on  the  3rd,  and  at  Ih.  30m.  j 
A.M.  on  the  30tii  ;  and  the  greatest  western  at  4h.  18m.  p.m.  I 
on  the  17th.  j 


By  C.  D.  LococK,  B.A.Oxon. 

All  COMMUNICATIONS  for  this  column  should  be  addressed 
to  the  "  Chess  Editor,  Knowlcdijc  Oj/k-c,"  and  posted  before 
the  10th  of  each  month. 

Solution  of  Problem  No.  5  (by  D.  U.)  1.  Kt  to  K4.     If 

1.  .  .  .  K  X  Kt ;  2.  Kt  to  B7,  etc.     Or  if  1.  ...  K  to  K3  ; 

2.  Kt  (from  K8)  to  Q6,  etc. 

Correct  Solutions  from  : — Alpha,  Betula,  H.  S.  Bran- 
dreth,  Giu.  Pianissimo,  C.  T.  Blanshard,  G.  F.,  W.  E.  B., 
W.  T.  Hurley,  -J.  G.  EUis,  K.  T.  M.,  F.  K.,  R.  W.  Compton, 
C.  S.,  White  Knight,  M.  B.  (.Jesmond),  T.,  A.  Eutherford, 
R.  W.  Houghton,  and  J.Taylor. — (19  correct,  1  incorrect.) 

.7.  E.  Smiili. — See  above  for  correct  solution. 

v.  T.  B. — You  sent  two  replies,  both  con-ect  (Nov.  3rd 
and  7th). 

W.  T.  Hurhij. — Duals  do  not  count,  except  of  course  in 
the  key-move.     See  rules  in  June  number. 

T. — Well-known  problems  would  he  inadmissible  in  a 
solution  tourney.  The  game  you  refer  to  has  been  ably 
annotated  elsewhere. 

C.  S. — The  problem  seems  all  right  now.  Shall  be 
glad  to  insert  early  in  the  next  tourney. 

lildcl:  Cdiiihc. — Your  letter  was  delayed.  Will  reply 
next  month. 


PROBLEM  (No.  6). 
By  C.  D.  L. 

Blace. 


mm '""  'w 


iBi„„„.,fe 


WM/        W//fi 


White. 

White  to  play,  and  mate  in  thi-ee  moves. 


Leading  Solvers'  Scorks. 


Alpha 

W.  E.  B 

W.  T.  Hurley     .  . 
Giu.  Pianissimo... 

F.  R 

R.  W.  Houghton 

G.  F 

C.  S 

M.  B.  (Jesmond) 
C.  T.  Blanshard 
R.  T.  M 


30  ,  A.  Rutherford 

80  ;  T 

30  I  J.  Taylor     ... 

30  I  Betula 

30  i  K. 

30  I  T.  A.  Earl  ... 

30  '  J.  G.  Ellis  ... 

30  \  White  Knight 

30  i  H.  S.  Brandreth 
30      R.  W.  Compton  . 

30  I 


80 
30 
30 
26 
22 
22 
22 
22 
19 
16 


240 
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The  score  in  the  recent  Divan  Tourney  was  as  follows : — 
Bird,  G'„  ;  Tinsley,  Sj ;  Miiller,  5 ;  Loman  and  Jasnagrodsky, 
4i  ;  Mortimer,  Fenton,  and  RoUand.  4  ;  Van  ^'liet  aud 
Gossip,  3h.  The  scoring  was  singularly  even,  the  result 
of  a  large  number  of  drawn  games. 

The  Rev.  A.  B.  Skipworth  and  Mr.  J.  H.  Blake,  who 
tied  for  first  prize  at  the  Oxford  meeting  of  the  Counties' 
Chess  Association,  played  off  their  tie  at  the  British  Chess 
Club  last  month.  Alter  a  hard  struggle  Mr.  Blake  proved 
the  winner  by  two  games  to  one,  one  game  being  drawn. 
Mr.  Skipworth  failed  to  make  the  most  of  his  opportunities 
in  more  than  one  game. 

The  Championship  Tournament  of  the  City  of  London 
Club,  and  a  Handicap  at  the  British  Chess  Club,  are  now 
in  progress.  Mr.  Loman  is  a  notable  absentee  in  the 
former  contest.  In  the  "  British  "  Handicap  Mr.  Hoffer 
is  in  Class  Ia  by  himself,  giving  the  rather  heavy  odds  of 
pawn  and  move  to  Class  I. 

Messrs.  Steinitz  and  Tchigorin  are  announced  to  play  a 
return  match  at  Havana,  at  the  end  of  this  month,  the 
match  to  go  to  the  winner  of  the  first  ten  games,  draws  not 
counting.  The  length  of  the  match  is  all  in  Mr.  Steinitz's 
favour. 


The  following  game  was  played  at  the  Oxford  meeting 
of  the  Counties'  Chess  Association  last  August. 


White 


[Centre  Gambit.] 


(Dr.  Hunt,  North  London). 

1.  PtoK4 

2.  P  to  Q4 

3.  QxP 

4.  Q  to  K3 

5.  B  to  K2  (i) 

6.  B  to  Q2 

7.  QKt  to  B3 

8.  Castles 

9.  Q  to  KtB 

10.  B  to  £Kto  (/) 

11.  P  to  B4  (</) 

12.  Kt  to  B3 

13.  KtxB 
P  to  Ko 
KKt  to  K4 
PxP 
PxP 

18.  Kt  to  B5 

19.  KtxB 

20.  B  to  Kt5  (i) 

21.  R  to  Q7  0) 

22.  BxKt 

23.  B  to  B4  {k) 

24.  B  to  Kt3 

25.  Q  to  B7  (1) 

26.  R  to  Qsq 

27.  QxRch 


Notes. 

(a)  Usually  played  now  ;    the  old  defence  by  4.   .  .  . 

B  to  Kt5ch  ;  0.  P  to  B3,  B  to  R4  ;  6.  Q  to  Kt3,  Q  to  B3  ; 

7.  P  to  B4  not  being  very  satisfactory  for  Black.    Instead' 

however,  of  6.   ...  Q  to  B3,  he  may  play  6.  .  .  .  Kt  to 


14. 
15. 
16. 
17. 


(J.  H 

.  Blake,  Soutbampton). 

1 

P  to  K4 

2. 

PxP 

3. 

Kt  to  QB3 

4. 

Kt  to  B3  («) 

5. 

P  to  Q3  (c) 

6. 

B  to  K2  (rf) 

7. 

Castles 

8. 

R  to  Ksq  (e) 

9. 

B  to  Bsq 

10. 

Bto  K2 

11. 

Kt  to  Q2 

12. 

BxB 

13. 

Kt  to  Bsq  (h) 

14. 

B  to  K3 

15. 

K  to  Rsq 

IG. 

P  toB4 

17. 

QxP 

18. 

Kt  to  Kt5 

19. 

Kt  X  Kt 

20. 

Kt  X  KBP 

21. 

Kt  to  K7ch 

22. 

QxR 

28. 

Q  to  Q5 

24. 

R  to  KG 

25. 

R  to  Qsq 

26. 

R  to  K8 

27. 

QxQ,  and  wins 

B3,  for  White  dare  not  play  7.  Q  x  KtP,  R  to  KKtsq  ;  8. 
Q  to  R6,  Q  to  K2 !  followed  by  ...  R  to  Kt3. 

(A)  This,  or  B  to  Q2,  is  probably  the  best  move.  After 
5.  P  to  K5,  Kt  to  KKto  ;  (or  5.  .  .  .  Kt  to  Q4  ;  6.  Q  to 
K4,  Kt  to  Kt3  ;  7.  Kt  to  KB3  (or  P  to  QR4  ?),  Q  to  K2, 
even  game) ;  G.  Q  to  K2  !  (not  6.  Q  to  K4,  P  to  Q4 ;  7. 
PxP  en  j.,iss(uit,  B  to  K3  ;  8.  P  x  P,  Q  to  Q8ch  !) ;  6.  .  .  . 
P  to  Q3;  7.  P  to  KR3,  KKtxKP;  8.  P  to  KB4,  Kt  to 
Q5  ;  9.  Q  to  K4,  Q  to  R5ch;  10.  K  to  Qsq.  Black  saves 
the  piece  by  Kt  to  K3  !  with  a  winning  game. 

(<•)  If  5.  .  .  .  B  to  K2  ;  6.  P  to  Ko  with  the  better 
position.  An  interesting  game  might  result  from  5.  .  .  . 
B  to  Kt5ch  ;  6.  P  to  B3,  B  to  R4  ;  7.  P  to  K5,  B  to  Kt3  ; 
8.  Q  to  Kt5  (or  8.  Q  to  B4,  Kt  to  Q4  ;  9.  Q  to  Kt3)  ; 
8.  .  .  .  B  X  Pch  ;  9.  K  to  Bsq,  Kt  to  K5  ;  10.  Q  x  P,  R  to 
Bsq  ;  11.  B  to  RG,  and  should  win  perhaps,  for  if  11.  .  .  . 
B  to  B4  ;  12.  P  to  QKt4  ! 

(d)  Or  -6.  .  .  .  B  to  K3  ;  7.  QKt  to  B3,  P  to  Q4  ;  8. 
PxP,  Kt  X  P,  with  a  good  game. 

[e]  White  has  taken  for  his  model  a  recent  corre- 
spondence game  between  Glasgow  (White)  and  North 
London  (Black).  Black  at  this  point  continued  8.  .  .  . 
P  to  Q4  ;  9.  P  X  P,  Kt  X  P  ;  10.  Q  to  B3.  The  game  was 
ultimately  won  by  White.  The  text  move  is  better.  8.  .  . 
Kt  to  KKt5  is  met  by  9.  Q  to  B4  (best),  P  to  KKt4  ? ;  10, 
Q  to  Kt3. 

(  /■)  Defending  the  Pawn  and  threatening  Kt  to  Q5. 

{;/)  A  weak  move  on  pnnciple.  The  Pawn  cannot 
advance  and  may  desire  in  vain  to  retreat,  Kt  to  E3 
seems  sale  enough,  for  if  .  .  .  B  x  Kt ;  12.  P  xB  with  the 
open  Kt's  file.  11.  B  to  Kt5  would  obviously  lose  a  piece 
by  11.  .  .  .  Kt  to  KR4. 

(/()  P  to  KR3  was  now  necessary,  though  White  might 
play  Kt  X  P,  and  B  to  R5ch. 

(i)  Here  P  to  QE3  should  have  been  played,  followed  by 
Kt  to  Qo. 

(j)  An  oversight.  P  to  t^R3  or  R  to  Q2  was  still 
available. 

(k)  If  23.  B  to  Kt5,  Kt  X  RPch  :  or  if  23.  P  to  QR3, 
Kt  to  R7ch. 

(/)  If  24.  R  to  Qsq,  Q  to  K4.  At  his  next  move  25. 
Kt  to  Ktsq  would  be  answered  by  R  x  B  !  The  ending  was 
very,  well  played  by  Black. 
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